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~ ^  This  report  describes  supplemental  tests  of  the  Masonboro  Inlet  fixed-bed 


model  not  reported  in  ^Physical  Model  Sipxilation  of  the  Hydraulics  of  Masonboro 
Inlet,  North  Carolina,*  GITI  Report  15.  The  supplemental  tests  consist  of 
three  separate  studies  performed  in  the  Masonboro  Inlet  fixed-bed  model.  The 
first  study  examines  the  effects  of  the  closing  of  various  bay  channels  on  the 
inlet's  hydraulics.  The  second  study  examines  the  effects  of  the  addition  of 
a  south  Jetty  to  the  existing  condition  which  has  a  single  north  Jetty  and  ex- 
amines^theresulting^J^draulics^for^arious^eir^elevation^on^both^Continued^ 
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20.  ABSTRACT  (Continued) 

jetties.  The  third  study  examines  the  use  of  a  tracer  material  and  closely 
parallels  the  hydraulic  testing  sequence  discussed  in  the  previous  Masonboro 
Inlet  report.  The  tracer  tests  include  verification  of  the  1969-1971  shoaling 
trends,  testing  of  the  prejetty  1964  condition,  testing  of  the  single  jetty 
plan  with  the  1964  bathymetry,  and  testing  of  the  postjetty  construction  1966 
condition.  These  tests  were  performed  to  evaluate  the  effectiveness  of  using 
sediment  tracer  materials  in  inlet  model  studies. 

Results  indicate  the  closure  of  any  of  the  three  interior  channels  in 
Masonboro  Inlet  produces  a  significant  change  in  the  inlet  hydraulics  and  would 
most  likely  produce  a  significant  change  in  morphology  as  illustrated  by  the 
prototype  case  history. V The  important  changes  in  flow  patterns  at  the  inlet 
entrance  occur  for  the  ebbf low ,  with  flood  flow  patterns  at  the  entrance  stay¬ 
ing  fairly  constant.  Keulegan  K  values  show  decreases  for  each  closure  con¬ 
dition,  with  closure  of  Banks  Channel  (the  largest  interior  channel)  providing 
the  greatest  decrease.  These  decreases  in  K  are  the  result  of  a  reduction  in 
flow  area  and  an  increase  in  the  effective  length  of  the  inlet  for  each  closure 
condition.  This  in  turn  increases  the  bay  superelevation  because  of  the  reduc¬ 
tion  in  K  .  Shinn  Creek,  the  interior  channel  perpendicular  to  the  coast, 
aids  in  directing  ebb  flow  oceanward,  perpendicular  to  the  coast  as  seen  in 
evaluating  flow  volumes  through  range  1  for  the  various  conditions.  This  indi¬ 
cates  that  the  initial  scour  along  the  outer  portion  of  the  north  Jetty  could 
have  been  caused  by  this  ebb  flow  effect.  This  result  must  also  be  coupled  with 
wave  effects  which  probably  contributed  to  filling  the  dredged  channel  location. 

Weir  jetty  testing  indicated  the  effect  of  a  south  jetty  is  to  centralize 
the  flood  flow  through  the  inlet  gorge,  and  the  presence  of  a  weir  on  the  south 
jetty  does  not  change  this  basic  flow  pattern.  As  a  result  of  this  flow  pattern 
flow  increases  through  Shinn  Creek,  the  channel  directly  behind  the  inlet  gorge. 
Flow  velocities  over  the  0.0  mlw  weirs  are  slightly  greater  than  those  over  the 
+2.0  weir  jetties  (0.2  to  0.4  fps  greater).  However,  the  flow  volume  coming 
over  the  0.0  mlw  weir  sections  is  substantially  greater,  which  slightly  reduces 
flow  entering  between  the  jetties  at  their  oceanward  end.  'Ebb  velocities  seem 
to  be  better  centralized  between  the  jetties  for  the  +2.0  mlw  weirs  and  the  non- 
weir,  south  jetty  conditions  than  for  the  0.0  mlw  weirs.  Flow  over  the  +2.0  mlw 
weirs  cuts  off  very  early  during  ebb  flow  since  the  tide  level  has  dropped  to 
just  below  the  mtl  once  ebb  flow  has  begun  to  reach  faster  velocities.  For  the 
0.0  mlw  weir  condition,  however,  ebb  flow  over  the  weirs  continues  until  nearly 
low  water.  The  continued  drawdown  of  ebb  flow  over  the  0.0  mlw  weirs  aids  in 
dispersing  the  flow  over  the  entire  region  between  the  jetties  and  seemingly 
could  aid  currents  uo  flow  along  the  inner  walls  of  the  jetties  rather  than  con¬ 
centrating  in  the  central  region  between  the  jetties  where  the  navigation  chan¬ 
nel  is  located.  Plan  3  (dual  weirs  at  0.0  mlw)  produced  a  much  greater  ebb 
velocity  predominance  between  the  jetties  than  did  plan  2  (dual  weirs  at  +2  mlw) 

Results  of  the  sediment  traces  testing  indicate  that  Short  term  fill  and 
scour  trends  can  be  predicted  qualitatively.  Also  the  reduction  in  model  dis¬ 
tortion  to  values  less  than  this  study's  5:1  scale  distortion  would  appear  to 
improve  fill  and  scour  tests,  especially  in  areas  of  steep  slopes  such  as  the 
inlet's  gorge. 
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FOREWORD 


This  report  vas  prepared  by  the  Estuaries  and  Wave  Dynamics  Divi¬ 
sions  of  the  Hydraulics  Laboaratory  at  the  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES)  as  one  in  a  series  of  reports  on  the  General 
Investigation  of  Tidal  Inlets  (GITI).  The  GITI  research  program  is 
under  the  technical  surveillance  of  the  U.  S.  Army  Coastal  Engineering 
Research  Center  (CERC),  and  is  conducted  by  CERC,  WES,  and  other  Govern¬ 
ment  and  private  organizations. 

The  Masonboro  Inlet  fixed-bed  model  tests  were  conducted  by 
Messrs.  W.  C.  Seabergh,  Project  Engineer,  E.  F.  Lane,  and  L.  M.  Neal. 

The  report  was  prepared  by  Messrs.  Seabergh  and  R.  A.  Sager  (WES).  The 
study  and  report  preparation  were  supervised  by  E.  C.  McNair,  MAJ  F.  C. 
Perry,  and  C.  L.  Vincent  (former  WES  GITI  Program  Managers),  R.  A. 

Sager,  Chief  of  the  Estuaries  Division,  R.  W.  Whalin,  Chief  of  the  Wave 
Dynamics  Division,  and  H.  B.  Simmons,  Chief  of  the  Hydraulics  Laboratory. 
CERC  technical  surveillance  was  conducted  by  Messrs.  C.  Mason  and  R.  M. 
Sorensen.  Civilian  members  of  the  Coastal  Engineering  Research  Board, 
Dean  Morrough  P.  O'Brien,  Professor  Robert  G.  Dean,  and  Professor  Arthur 
T.  Ippen  (former  member,  deceased),  were  intimately  involved  in  both 
the  planning  and  review  of  this  report,  and  Professor  Robert  L.  Wiegel 
contributed  review  comments.  Technical  Directors  of  CERC  and  WE’S  were 
Messrs.  T.  Saville,  Jr.,  and  F.  R.  Brown,  respectively. 

Comments  on  this  publication  are  invited. 

Approved  for  publication  in  accordance  with  Public  Law  166,  79th 
Congress,  approved  31  July  19^5,  as  supplemented  by  Public  Law  172, 

88th  Congress,  approved  7  November  1963: 
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PREFACE 


1.  The  Corps  of  Engineers,  through  its  Civil  Works  program,  has 
sponsored,  over  the  past  twenty-three  years,  research  into  the  behavior 
and  characteristics  of  tidal  inlets.  The  Corps'  interest  in  tidal 
inlet  research  stems  from  its  responsibilities  for  navigation,  beach 
erosion  prevention  and  control,  and  flood  control.  Tasked  with  the 
creation  and  maintenance  of  navigable  U.  S.  waterways,  the  Corps  dredges 
millions  of  cubic  yards  of  material  each  year  from  tidal  inlets  that 
connect  the  ocean  with  bays,  estuaries,  and  lagoons.  Design  and  con¬ 
struction  of  navigation  improvements  to  existing  tidal  inlets  are  an 
important  part  of  the  work  of  many  Corps  offices.  In  some  cases,  design 
and  construction  of  new  inlets  are  required.  Development  of  information 
concerning  the  hydraulic  characteristics  of  inlets  is  important  not  only 
for  navigation  and  inlet  stability  but  also  because  inlets  control  the 
daily  exchange  of  water  between  bay  and  ocean.  Accurate  predictions  of 
the  effects  of  storm  surges  and  runoff  also  require  an  understanding 

of  inlet  hydraulics  during  extreme  conditions. 

2.  A  research  program,  the  General  Investigation  of  Tidal  Inlets 
program,  was  developed  to  provide  quantitative  data  for  use  in  design  of 
inlets  and  inlet  improvements.  It  is  designed  to  meet  the  following 
objectives: 

To  determine  the  effects  of  wave  action,  tidal  flow,  and 
related  phenomena  on  inlet  stability  and  on  the  hydraulic, 
geometric,  and  sedimentary  characteristics  of  tidal 
inlets;  to  develop  the  knowledge  necessary  to  design 
effective  navigation  improvements,  new  inlets,  and  sand 
transfer  systems  at  existing  tidal  inlets;  to  evaluate 
the  water  transfer  and  flushing  capability  of  tidal 
inlets;  and  to  define  the  processes  controlling  inlet 
stability. 

3.  The  GITI  is  divided  into  three  major  study  areas:  inlet  clas¬ 
sification,  inlet  hydraulics,  and  inlet  dynamics. 

a.  The  objectives  of  the  inlet  classification  study  are  to 
classify  inlets  according  to  their  geometry,  hydraulics, 
and  stability,  and  to  determine  the  relationships  that 
exist  among  the  geometric  and  dynamic  characteristics  and 

2 


T 


the  environmental  factors  that  control  these  characteris¬ 
tics.  The  classification  study  keeps  the  general  investi¬ 
gation  closely  related  to  real  inlets  and  produces  an 
important  inlet  data  base  useful  in  documenting  the  charac¬ 
teristics  of  inlets. 

The  objectives  of  the  inlet  hydraulics  study  are  to  define 
the  tide-generated  flow  regime  and  water-level  fluctuations 
in  the  vicinity  of  coastal  i  ilets  and  to  develop  techniques 
for  predicting  these  phenomena.  The  inlet  hydraulics 
study  is  divided  into  three  areas:  idealized  inlet  model 
study,  evaluation  of  state-of-the-art  physical  and  numeri¬ 
cal  models,  and  prototype  inlet  hydraulics. 

(1)  The  idealized  inlet  model.  The  objectives  of  this  •'  .  , 
model  study  are  to  determine  the  effect  of  inlet  con- 
figurations  and  structures  on  discharge,  head  loss, 
and  velocity  distribution  for  a  number  of  realistic 
inlet  shapes  and  tide  conditions.  An  initial  set  of 
tests  in  a  trapezoidal  inlet  was  conducted  between 
1967  and  1970.  However,  in  order  that  subsequent 
inlet  models  are  more  representative  of  real  inlets,-- 
a  number  of  "idealized"  models  representing  various 
inlet  morphological  classes  are  being  developed  and 
tested.  The  effects  of  jetties  and  wave  action  on  the 
hydraulics  are  included  in  the  study. 

(2)  Evaluation  of  state-of-the-art  modeling  techniques. 

The  objectives  of  this  portion  of  the  inlet  hydraulics 
study  are  to  determine  the  usefulness  and  reliability 
of  existing  physical  and  numerical  modeling  techniques 
in  predicting  the  hydraulic  characteristics  of  inlet/ 
bay  systems,  and  to  determine  whether  simple  tests, 
performed  rapidly  and  economically,  are  useful  in  the 
evaluation  of  proposed  inlet  improvements.  Masonboro 
Inlet,  N.  C.,  was  selected  as  the  prototype  inlet 
which  would  be  used  along  with  hydraulic  and  numerical 
models  in  the  evaluation  of  existing  techniques.  In 
September  1969  a  complete  set  of  hydraulic  and 
bathymetric  data  was  collected  at  Masonboro  Inlet. 
Construction  of  the  fixed-bed  physical  model  was 
initiated  in  1969,  and  extensive  tests  have  been  per¬ 
formed  since  then.  In  addition,  three  existing 
numerical  models  were  applied  to  predict  the  inlet's 
hydraulics.  Extensive  field  data  were  collected  at 
Masonboro  Inlet  in  August  197^  for  use  in  evaluating 
the  capabilities  of  the  physical  and  numerical  models. 

(3)  Prototype  inlet  hydraulics.  Field  studies  at  a  number 
of  inlets  are  providing  information  on  prototype 
inlet/bay  tidal  hydraulic  relationships  and  the 
effects  of  friction,  waves,  tides,  and  inlet  morphol¬ 
ogy  on  these  relationships. 
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c_.  The  basic  objective  of  the  inlet  dynamics  study  is  to 
investigate  the  interactions  of  tidal  flow,  inlet 
configuration,  and  wave  action  at  tidal  inlets  as  a  guide 
to  improvement  of  inlet  channels  and  nearby  shore  pro¬ 
tection  works.  The  study  is  subdivided  into  four  specific 
areas:  model  materials  evaluation,  movable-bed  modeling 
evaluation,  reanalysis  of  a  previous  inlet  model  study, 
and  prototype  inlet  studies. 
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Model  materials  evaluation.  This  evaluation  was 
initiated  in  1969  to  provide  data  on  the  response  of 
movable-bed  model  materials  to  waves  and  flow  to 
allow  selection  of  the  optimum  bed  materials  for  inlet 
models . 

Movable-bed  model  evaluation.  The  objective  of  this 
study  is  to  evaluate  the  state-of-the-art  of  modeling 
techniques,  in  this  case  movable-bed  inlet  modeling. 
Since,  in  many  cases,  movable-bed  modeling  is  the 
only  tool  available  for  predicting  the  response  of  an 
inlet  to  improvements,  the  capabilities  and  limita¬ 
tions  of  these  models  must  be  established. 

Reanalysis  of  an  earlier  inlet  model  study.  In  1957» 
a  report  entitled  "Preliminary  Report:  Laboratory 
Study  of  the  Effect  of  an  Uncontrolled  Inlet  on  the 
Adjacent  Beaches"  was  published  by  the  Beach  Erosion 
Board  (now  CERC).  A  reanalysis  of  the  original  data 
is  being  performed  to  aid  in  planning  of  additional 
GITI  efforts. 

Prototype  dynamics.  Field  and  office  studies  of  a 
number  of  inlets  are  providing  information  on  the 
effects  of  physical  forces  and  artificial  improvements 
on  inlet  morphology.  Of  particular  importance  are 
studies  to  define  the  mechanisms  of  natural  sand 
bypassing  at  inlets,  the  response  of  inlet  navigation 
channels  to  dredging  and  natural  forces,  and  the 
effects  of  inlets  on  adjacent  beaches. 


k.  As  a  part  of  the  inlet  hydraulics  portion  of  the  GITI,  this 
report  is  the  second  concerned  with  testing  in  the  Masonboro  Inlet  fixed- 
bed  model.  This  report  brings  together  three  separate  test  series: 

(a)  the  effects  of  closing  various  bay  channels  on  the  inlet's  hydrau¬ 
lics;  (b)  an  examination  of  weir  jetties;  and  (c)  sediment  tracer  testing 
under  the  action  of  tides  and  wind  waves. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (Si) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units 
verted  to  metric  (SI) 

_ Multiply _ 

cubic  feet 
feet 

feet  per  second 

feet  per  second 
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square  feet 
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units  as  follows : 
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SUPPLEMENTARY  TESTS  OF  MASONBORO  INLET  FIXED-BED  MODEL 
Hydraulic  Model  Investigation 


PART  I:  INTRODUCTION 

1.  This  report  describes  supplemental  tests  of  the  Masonboro 
Inlet  fixed-bed  model  not  reported  in  "Physical  Model  Simulation  of  the 
Hydraulics  of  Masonboro  Inlet,  North  Carolina,"  GITI  Report  15 The 
supplemental  tests  consist  of  three  separate  studies  performed  in  the 
Masonboro  Inlet  fixed-bed  model.  The  first  study,  reported  in  PART  II, 
examines  the  effects  of  the  closing  of  various  bay  channels  on  the 
inlet's  hydraulics.  The  second  study,  reported  in  PART  III,  examines 
the  effects  of  the  addition  of  a  south  jetty  to  the  existing  condition 
which  has  a  single  north  jetty  and  examines  the  resulting  hydraulics  for 
various  weir  elevations  on  both  jetties.  The  third  study,  reported  in 
PART  IV,  examines  the  use  of  a  tracer  material  and  closely  parallels  the 
hydraulic  testing  sequence  discussed  in  the  previous  Masonboro  Inlet 
report.  The  tracer  tests  include  verification  of  the  1969-1971  shoal¬ 
ing  trends,  testing  of  the  prejetty  1964  condition,  testing  of  the 
single  jetty  plan  with  the  1964  bathymetry,  and  testing  of  the  post jetty 
construction  1966  condition.  These  tests  were  performed  to  evaluate  the 
effectiveness  of  using  sediment  tracer  materials  in  inlet  model  studies. 

Background 

2.  Masonboro  Inlet,  a  natural  inlet  through  the  coastal  barrier 
beach  of  North  Carolina,  is  located  in  the  southern  portion  of  the 
state,  8  miles*  northeast  of  Wilmington,  North  Carolina  (Figure  l). 
Briefly  outlining  the  recent  history  of  the  prototype,  a  single  weir 
jetty,  a  navigation  channel,  and  a  sand  deposition  basin  were  constructed 


*  A  table  of  factors  for  converting  U.  S.  customary  units  of  measure¬ 
ment  to  metric  (SI)  units  is  presented  on  page  7. 
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VICINITY  MAP 


Figure  1.  Location  map 


at  the  natural  inlet  beginning  in  1965-  It  is  noted  that  no  model  study 
was  done  prior  to  construction  of  the  project.  By  July  1966  construc¬ 
tion  was  complete.  The  inlet  channel  migrated  northward  into  the  deposi 
tion  basin  and  alongside  the  outer  end  of  the  jetty  between  1966  and 
1969.  These  changes  are  documented  by  bathymetric  surveys  (see  Fig¬ 
ure  2).  Figure  3  illustrates  the  movement  of  the  channel  thalweg  from 
1964  to  1973;  Figure  4  shows  the  inlet  in  1973-  The  only  records  of 
tidal  heights  and  velocities  in  the  inlet  for  this  time  period  were 
obtained  in  1969>  four  years  after  construction  of  the  project;  thus 
the  model  had  to  be  verified  to  the  1969  post improvement  condition. 

3.  After  verification  to  the  1969  condition,  the  model  was  modi¬ 
fied  to  the  1964  preimprovement  condition.  A  bathymetric  survey  of  a 
limited  region  in  and  around  the  inlet  throat  was  available  for  this 
period.  The  modeled  bay  area  of  the  inlet  remained  the  same  as  the 
original  1969  condition  since  there  was  very  little  change  in  the  bay 
during  the  1964-1969  period.  No  hydraulic  data  were  available  to 


verify  this  preimprovement  condition,  but  the  area  that  was  changed  from 
the  1969  to  the  1964  condition  is  small  relative  to  the  entire  model. 

It  was  believed  that  experience  with  the  1969  verification  provided 
sufficient  information  in  the  adjustment  of  roughness  to  allow  the  1964 
hydraulic  conditions  to  be  simulated  accurately  in  the  model.  Model 
data  were  collected  from  the  1964  condition.  A  similar  set  of  data  was 
obtained  with  the  plan  installed  in  the  model  with  the  1964  bathymetry. 
Finally,  data  were  collected  for  the  June  1966  postconstruction  bathym¬ 
etry.  These  hydraulic  data  are  reported  in  Reference  1. 

The  Model 


4 .  The  Masonboro  Inlet  model  reproduced  approximately  l4 . 5  square 
miles  of  the  prototype  including  the  bay  area  to  the  limits  of  the  in¬ 
let's  influence  and  offshore  to  the  -45  ft  mlw  (mean  low  water)  contour. 
The  model  was  constructed  in  a  50-ft-wide  by  150-ft-long  facility  which 
was  completely  enclosed  to  protect  the  model  and  necessary  appurtenances 
from  inclement  weather  and  to  allow  uninterrupted  operation.  However, 
due  to  the  limitation  of  the  lateral  extension  of  the  facility,  artifi¬ 
cial  bending  of  the  bay  areas  north  and  south  of  the  inlet  was  necessary. 
Distant  areas  of  the  bay  were  schematized.  Since  the  principal  area 

of  interest  was  the  immediate  vicinity  of  the  inlet,  this  primarily 
schematic  reproduction  of  the  bay  allowed  significant  savings  to  be 
achieved  in  model  construction.  In  the  prototype,  the  bay  extended 
north  and  south  from  the  inlet  entrance  parallel  to  the  coast.  In  the 
model,  both  outer  limits  of  the  bay  were  folded  back  toward  the  rear 
of  the  model  facility,  as  shown  in  Figure  5-  As  a  result,  the  wetland 
areas  of  the  bay  were  maintained  in  the  correct  model-to-prototype 
proportion  and  thus  should  have  provided  the  proper  tidal  prism  storage. 

5.  The  model  was  constructed  to  linear  scale  ratios,  model  to 
prototype,  of  1:300  horizontally  and  1:60  vertically.  From  these  linear 
ratios,  the  following  scale  relations  were  computed  based  on  the  Froudian 
law  of  similitude: 


Characteristic 


Scale  Relations 


Horizontal 

Vertical 

Volume 

Velocity 

Discharge 

Time — tides 

Slope 

Time — wind  wave 

(modeling  refraction) 


1:300 

IV- 

1: 60 

Wv  = 

1:5, **00, 000 

4/2  = 

1:7. 7^6 

$Xm 

1:139,U28 

II 

CM 

> 

1:38.73 

a 

5:1 

II 

CM 

> 

1:7. 7**6 

6.  North  Carolina  grid  coordinates  were  used  for  horizontal  con¬ 
trol,  and  the  mlw  Beaufort  datum  (1.88  ft  below  1929  mean  sea  level 
(msl))  was  used  for  vertical  control  during  model  construction.  The 
model  was  molded  from  metal  templates  spaced  approximately  2  ft  apart, 
secured  to  and  graded  from  the  permanent  facility  floor.  Since  the 
model  was  of  distorted  scale,  it  was  necessary  to  add  artificial  rough¬ 
ness  to  achieve  the  proper  relation  of  model-to-prototype  resistance. 

7.  Three  types  of  roughness  were  installed  in  the  model  in  order 
to  obtain  a  higher  friction  loss  than  could  be  achieved  from  the  rela¬ 
tively  smooth  concrete  model  bed. 

8.  While  the  molded  concrete  was  still  soft,  1/2-in. -wide  flat 
metal  strips  were  inserted  in  the  main  flow  channel  regions  perpendicu¬ 
lar  to  the  expected  flow  directions.  The  strips  extended  from  the 
bottom  of  the  channel  to  just  below  the  mlw  level.  Spacing  of  the 
strips  was  governed  by  previous  experience  with  roughness  adjustment; 
and  during  the  model  construction,  more  of  the  strips  were  placed  in 
the  model  than  would  be  required  for  proper  flow  reproduction.  The 
second  type  of  roughness  was  created  by  raking  the  soft  concrete  in 
shallow  areas  of  the  model  where  roughness  strips  could  not  be  used 
because  of  their  low  efficiency  in  such  areas.  This  was  done  primarily 
on  the  regions  in  which  marsh  grass  or  shallow  sandy  shoals  existed  in 
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the  prototype.  The  third  means  of  applying  roughness  was  to  place  stucco 
on  the  model  and  trowel  it  to  a  rough  finish.  Each  type  of  roughness  is 
shown.  in.  Figure  6. 


I 


Figure  6.  The  model,  looking  from  bay  to  ocean 


Model  Appurtenances 


9.  The  model  was  equipped  with  the  necessary  appurtenances 
to  reproduce  and  measure  all  pertinent  phenomena  including  tidal  ele¬ 
vations,  current  velocities,  waves,  and  sediments  used  in  shoaling 
tests.  Apparatus  used  in  connection  with  the  reproduction  and  measure¬ 
ment  of  these  phenomena  include  a  tide  generator  and  recorder,  velocity 
meters,  wave  generators,  tidal  gages,  and  sediment  tracer  injection 
and  recovery  apparatus.  This  equipment  is  described  in  detail  in  sub¬ 
sequent  paragraphs. 
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Tide  generator 

10.  The  reproduction  of  tidal  action  in  the  model  was  accomplished 
by  means  of  a  tide  generator  that  maintained  a  differential  between  a 
pumped  inflow  of  water  to  the  model  and  a  gravity  return  flow  to  the 
supply  sump  as  required  to  reproduce  all  characteristics  of  the  proto¬ 
type  tides  at  the  ocean  control  tide  gage.  A  schematic  drawing  of  this 
system  is  shown  in  Figure  7. 


FALLING  IN  THE  MODEL.  THE  VALVE  IS  ALM06T  OPEN  SO  THAT 
ALL  OF  THE  PUMP  OUTPUT.  PLUS  GRAVITY  FLOK  FROM  THE 
MODEL  RETURNS  TO  THE  SUMP.  THE  TIDE  CONTROL  MAINTAINS 
THE  PROPER  VALVE  OPENING  AT  ALL  TIMES  AS  REQUIRE O  TO 
REPRODUCE  ANY  DESlREO  TIDE  IN  THE  MODEL 

Figure  7-  Operation  of  the  tide  generator 


Current  meters 

11.  Current  measurements  were  made  in  the  model  with  miniature 
Price-type  current  meters  (Figure  8).  Each  meter  cup  was  about  0.04  ft 
in  diameter,  representing  2.4  ft  vertically  in  the  prototype.  The  cen¬ 
ter  of  the  cup  was  about  0.045  ft  from  the  bottom  of  the  frame,  repre¬ 
senting  2.7  ft  in  the  prototype.  In  a  vertical  plane  the  entire  meter 
occupied  a  space  of  about  2  by  30  ft  when  scaled  to  the  prototype.  The 
meters  were  calibrated  frequently  to  ensure  their  accuracy  of  +0.02  fps 
(+0.15  fps  prototype)  and  were  capable  of  measuring  velocities  as  low  as 
0.05  fps  (0.4  fps  prototype).  Some  meters  were  equipped  with  fiber  op¬ 
tics  of  which  half  of  the  strands  introduced  a  light  source  that  was 
reflected  from  the  meter's  cups.  The  reflected  light  pulse  was  received 


Wave  generators 

12.  Prototype  wave  action  was  reproduced  in  the  model  for  shoaling 
test^witfi *20-fC-long  wave  generators" located  -iti-nrieh-  a  manner- ae  -to-be 
normal  to  the  direction  of  prevailing  waves.  Two  vertical  plunger-type 
wave  generating  machines  were  used,  and  either  could  be  quickly  adjusted 
to  generate  the  desired  wave  height,  length,  and  period  required.  A 
section  of  the  vertical  plunger  wave  machine  is  shown  in  Figure  9- 


2U61-130 


Figure  9.  Wave  generator 


Tide  gages 

13.  The  tidal-stage-time  history  was  measured  by  the  use  of  an 
electronic  system  consisting  of  a  transmitter  (Figure  10)  and  a  recorder 
(Figure  11)  with  a  telemetering  circuit  consisting  of  two  selsyn 
motors,  one  in  the  transmitter  and  the  other  in  the  recorder,  connected 
by  an  electrical  cable.  The  tidal  stage  transmitter,  located  over  the 
desired  data  gathering  point,  measures  the  water-surface  elevation  by 
means  of  an  electronic  sensing  probe  and  transmits  this  elevation  to 
a  recorder  located  in  a  control  or  instrument  house.  An  ink  pen  con¬ 
tinually  records  the  water-surface  elevation  on  a  chart  that  is  turned 
automatically  at  a  preset  rate  to  give  a  plot  of  water-surface  elevation 


versus  time.  Portable  point  gages  were  also  used  to  measure  tidal  el¬ 
evation  at  other  points  as  required. 

%  * 

Tracer  injection 
and  recovery  apparatus 

l4.  Tracer  material  injection  and  recovery  were  accomplished  in 
the  model  by  placing  the  premeasured  amounts  of  material  by  hand,  then 
after  each  test  the  material  was  picked  up  with  a  jet  pump  wand  (Fig¬ 
ure  12).  The  lightweight  wand  offers  a  high  suction-to-supply  flow  ratio 
and  is  supplied  from  the  city  waterlines.  The  material  is  carried  along 


Figure  12.  Jet  pump  wand 


with  the  discharge  water  into  a  hydrocyclone  concentrator  (Figure  13 ) 
where  it  is  separated  by  gravitational  and  centrifugal  forces  and  de¬ 
posited  in  a  measuring  cylinder. 

Photographic  system 

15-  In  order  to  take  surface  current  photographs,  8-  by  10-in. 
cameras  were  placed  about  15  ft  above  the  water  surface  of  the  model. 
Their  shutters  were  tripped  simultaneously  by  an  electronic  timer  for 
a  4-sec  exposure.  An  electronic  strobe  light  was  flashed  near  the  end 
of  the  exposure  so  that  a  bright  spot  was  recorded  on  the  tip  of  the 
confetti  streak,  indicating  the  direction  of  movement.  Velocities  can 
be  determined  by  measuring  the  length  of  a  streak  and  comparing  it  with 
a  scale  included  on  each  photograph. 
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PART  II:  CHANNEL  CLOSURE  TESTS 


*'  l6*.  ■*-Tne“t?a£  system  of  Masonboro  Inlet  is  composed  oT  three  dis¬ 

tinct  channels  which  diverge  from  the  inlet's  gorge  and  eventually  in¬ 
tersect  the  Atlantic  Intracoastal  Waterway  (AIWW)  at  three  different 
locations  (Figure  1).  The  channels  convey  flow  both  directly  to  the 
AIWW  and  laterally  into  adjacent  marshlands.  The  channel  closure  tests 
were  designed  to  investigate  the  effect  on  the  tidal  hydraulics  of  clos¬ 
ing  one  of  the  three  channels  for  each  of  the  three  possible  cases. 
Location  of  the  barrier  for  each  channel  and  locations  of  tide  gage 
stations  and  velocity  ranges  at  which  data  were  collected  are  shown  in 
Figure  l4.  The  following  identification  and  abbreviations  are  used  for 
the  various  curves  and  discussions: 

Base  =  Natural  1973  conditions 
Plan  1  =  Banks  Channel  closed  =  BCC 
Plan  2  =  Shinn  Creek  closed  =  SCC 
Plan  3  =  Masonboro  Channel  closed  =  MCC 

Tidal  Heights 

17*  The  tidal  height  hydrographs  Eire  shown  in  Plates  1-4  and  a 
summary  of  the  tidal  data  is  tabulated  in  Table  1  showing  high-  and  low- 
water  elevations,  tide  ranges,  and  mean  tide  levels.  The  greatest 
changes  occur  in  the  region  directly  behind  a  barrier.  For  example, 
when  Banks  Channel  was  closed,  the  tide  range  bayward  of  the  barrier  of 

gage  4  was  reduced  36  percent  from  the  base  condition.  With  Shinn  Creek 

closed,  the  tide  range  on  the  bay  side  of  the  barrier  at  gage  3  was  re¬ 
duced  26  percent.  The  tide  ranges  at  gages  3  and  4  did  not  vary  over 
6  percent  when  the  channel  in  which  they  were  located  was  open.  The 

tide  range  at  gage  5  in  Masonboro  Channel  was  reduced  from  12  to  15  per¬ 

cent  when  each  of  the  other  two  channels  was  individually  closed. 

With  Masonboro  Channel  closed,  gage  5,  located  oceanward  of  the  bar¬ 
rier,  showed  a  0.1- ft  increase  in  tide  range  over  the  base  condition. 
Gages  6  and  E,  located  in  the  AIWW  north  and  south,  respectively,  of 
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the  intersection  of  Shinn  Creek  with  the  AIWW,  showed  tide  range  changes 
for  each  case  of  channel  closure.  The  greatest  change  for  these  gages 
resulted  when  Shinn  Creek  was  closed — a  21  to  24  percent  reduction  in 
range  occurred.  When  Banks  Channel  was  closed,  gage  6  showed  a  greater 
reduction  in  range  than  gage  E  since  flow  to  the  north  side  of  the  estu¬ 
ary  was  reduced  and  thus  the  tide  range  was  decreased  a  greater  amount 
than  at  gage  E.  When  Masonboro  Channel  was  closed  just  the  opposite  was 
true;  that  is,  gage  E  showed  a  greater  reduction  in  range  than  gage  6. 

Mean  Tide  Levels 

18.  Mean  tide  levels  at  bay  gages  3-6  and  E  showed  increases  from 
0.02  to  0.32  ft  over  the  base  condition  for  various  closure  conditions 
except  for  two  cases  at  gage  5,  where  the  gage  is  located  oceanward  of 
the  Masonboro  Ch—inel  barrier.  With  this  barrier  closed,  the  mean  tide 
level  at  gage  5  dropped  0.20  ft.  A  discussion  of  these  superelevations 
will  be  continued  after  an  examination  of  the  velocity  data. 

19.  The  greatest  phase  changes  in  the  tidal  height  data  (Table  2) 
occurred  at  gages  directly  behind  the  barriers.  At  gage  k  with  a  bar¬ 
rier  in  Banks  Channel,  the  high  water  was  delayed  1.0  hr  and  low  water 
1.5  hr  from  the  base  condition.  A  barrier  in  Shinn  Creek  delayed  high 
water  0.5  hr  and  low  water  1.5  hr  from  the  base  condition  at  gage  3 
(located  bayward  of  the  barrier).  Gage  1  oceanward  of  the  entrance 
showed  no  phase  changes.  Gage  B,  in  the  entrance,  showed  only  a  0.5  hr 
early  arrival  of  high  water  for  Banks  Channel  closed.  Gage  2  had  no 
changes  in  high-water  arrival  times,  but  had  low  waters  0.5  to  1.0  hr 
earlier  due  to  faster  falling  tides  or  lower  elevation  of  high  water 
(see  Plate  l).  Plate  2  indicates  an  earlier  rise  and  fall  at  gages  3-5 
whenever  the  channel  in  which  one  of  these  gages  is  located  is  open. 

Velocities 

20.  Velocities  were  measured  at  ranges  1-7  (Figure  l4).  Graphs  of 
velocities  during  the  tidal  cycle  are  given  in  Plates  5-19*  Ranges  1-5 


had  three  stations  across  the  channel  whereas  ranges  6  and  7  had  only 
center-line  stations.  Velocities  were  measured  at  three  depths  (sur¬ 
face,  middepth,  and  bottom)  if  the  location  was  sufficiently  deep;  other¬ 
wise,  surface  and  bottom,  or  just  middepth,  measurements  were  made  at 
shallower  locations. 

21.  Velocities  at  range  1  (Plates  5-7)  showed  reductions  in  the 
average  of  the  maximum  velocities  for  the  entire  range  for  all  the 
channel  closures  when  compared  with  the  base  condition.  The  average  of 
the  maximum  flood  velocities  was  reduced  from  the  base  condition  value 

of  1.5  fps  to  1.2  for  BCC,  1.0  for  SCO,  and  1.4  fps  for  MCC.  The  average 
of  the  maximum  ebb  velocities  was  reduced  from  a  base  value  of  2.9  fps 
to  2.6  for  BCC,  2.5  for  SCC,  and  2.8  fps  for  MCC.  Individual  maximum 
velocities  at  ranges  1-5  are  shown  in  Table  3.  At  range  2  (Plates  8-10) 
the  average  of  the  maximum  velocities  at  each  point  velocity  location 
was  reduced  for  all  the  channel  closure  conditions.  An  average  maximum 
for  the  base  condition  flood  flow  was  2.8  fps,  compared  with  2.2  for 
BCC,  2.3  for  SCC,  and  2.3  for  MCC.  On  ebb  flow,  average  maximum  veloc¬ 
ities  were  reduced  from  a  base  condition  value  of  3.1  fps  to  2.5  for 
BCC,  2.5  for  SCC,  and  2.9  fps  for  MCC.  Velocities  at  range  3  (Plates  11- 
13)  in  Shinn  Creek  always  showed  increases  for  the  closures  of  its 
complementary  channels.  The  greatest  changes  in  peak  velocities  for 
BCC  were  from  0.5  to  0.9  fps  for  flood  flow  and  from  0.3  to  1.4  fps 
for  ebb  flow.  Increases  in  peak  velocities  for  MCC  were  smaller — 0.2 
to  0.8  fps  during  flood  flow,  0.1  to  0.4  fps  during  ebb  flow.  There 
was  a  lag  of  about  1  hr  in  the  change  from  ebb  to  flood  flow  at  range  3, 
when  closure  conditions  were  in  effect. 

22.  At  range  4  the  greater  change  in  velocities  (Plates  l4-l6) 
occurred  for  the  closing  of  Shinn  Creek  which  generally  increased  peak 
velocities  by  about  0.5  fps.  The  east  station  showed  the  greatest 
velocity  increases  at  the  range  for  SCC.  A  delay  in  the  change  from 
ebb  to  flood  occurred  at  this  range  similar  to  that  at  range  3. 

23.  At  range  5  (Plate  17)  the  velocities  for  the  BCC  condition 
appeared  to  be  low.  When  compared  with  velocities  observed  on  the 
hourly  surface  current  photographs,  they  were  confirmed  to  be  too  low. 
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These  velocities  could  not  be  checked  because  the  data  analysis  was  per¬ 
formed  two  years  following  the  test;  the  model  facility  was  not  currently 
operable  and  was  not  molded  to  the  1973  bathymetry.  The  error  is  likely 
due  to  an  incorrect  calibration  of  the  computer  terminal — velocity  meter 
interface.  Later  analyses  of  flows  through  range  5  for  the  BCC  condi¬ 
tion  were  based  on  ratios  of  surface  currents  (from  the  photographs) 
to  known  correct  point  velocity  readings,  e.g.,  at  a  given  time.  Maxi¬ 
mum  velocities  determined  in  this  way  show  increases  over  the  base  con¬ 
dition.  At  range  5,  for  the  SCC  condition,  velocities  were  generally 
increased  by  about  0.5  fps.  Also  a  lag  of  about  1  hr  occurred  for  the 
change  from  ebb  to  flood  flow  when  compared  with  base  conditions. 

2k.  Ranges  6  and  7  in  the  AIWW  (Plates  18  and  19)  show  marked 
changes  due  to  the  various  closure  conditions.  At  range  6  the  base 
condition  showed  a  long  duration  (about  11  hr)  flood  flow.  This  is  due 
to  the  manner  in  which  Shinn  Creek  joins  the  AIWW.  During  ebb  flow 
(for  the  base  condition),  the  currents  through  range  7  dominated  flow 
into  Shinn  Creek  and  only  a  small  amount  of  flow  ebbed  through  range  6. 
When  Banks  Channel  was  closed,  this  channel  was  the  only  route  for  flow 
to  and  from  the  northern  portion  of  the  bay.  The  highest  velocities  at 
range  6,  up  to  2.2  fps,  were  experienced  on  both  ebb  and  flood  flows. 

When  Shinn  Creek  was  closed,  however,  the  flow  direction  was  altered 
considerably.  During  the  flooding  tide  at  the  entrance,  the  flow  at 
range  6  was  toward  range  7  (the  ebb  direction).  During  the  ebbing  tide 
at  the  entrance,  flow  at  range  6  was  in  what  was  normally  the  flood 
direction.  This  flow  pattern  was  in  response  to  the  filling  of  the 
south  bay.  Masonboro  Channel  is  relatively  small  and  cannot  handle  a 
sufficient  amount  of  flow  to  fill  the  south  bay.  The  flow  along  the 
AIWW  fills  this  portion  of  the  bay.  When  Masonboro  Channel  was  closed, 
the  velocities  at  range  6  on  flood  were  reduced  because  essentially 
all  the  flood  flow  through  Shinn  Creek  was  required  to  fill  the  south 
bay  area. 

25.  The  greatest  velocity  increase  at  range  7  (Plate  19)  oc¬ 
curred  when  Masonboro  Channel  was  closed,  with  changes  up  to  +1.5  fps. 

The  greatest  decrease  in  velocities  occurred  when  Shinn  Creek  was 


closed  and  flow  was  fed  through  range  6  to  range  7  on  the  flood,  and 
which  returned  through  range  6  and  Banks  Channel  on  the  ebb  flow.  Clo¬ 
sure  of  Banks  Channel  caused  slight  overall  reductions  in  velocities  at 
range  7  because  the  flows  through  range  6  increased  greatly  to  feed  the 
north  portion  of  the  bay.  The  greater  head  difference  drew  some  of  the 
range  7  normal  flow  through  range  6. 

Isovels 


26.  The  manner  in  which  the  channel  closures  affected  velocities 
at  ranges  1  and  2  is  illustrated  in  Plates  20-23  which  show  isovels 
(lines  of  constant  velocity)  for  the  actual  maximum  velocities.  The 
maximum  flows  shown  were  determined  by  choosing  the  time  of  the  maximum 
average  velocity  over  the  channel  cross  section  and  then  plotting  the 
individual  point  velocities.  These  point  velocities  were  normalized 

by  dividing  by  the  cross-sectional  average  velocity  and  are  seen  in 
Figure  15.  Regions  with  values  greater  than  1.0  are  shaded.  The  isovels 
are  for  periods  of  maximum  flow  through  the  cross  section.  The  point 
velocities  were  normalized  by  dividing  by  the  average  velocity  over  the 
cross  section.  Figure  15a  shows  that  the  flood  flow  distribution  at 
range  1  stayed  about  the  same  for  all  cases  with  the  closure  of  Shinn 
Creek  producing  the  greatest  concentration  of  flood  flow  away  from  the 
jetty. 

27.  Ebb  isovels  at  range  1  (Figure  15b)  show  that  the  base  con¬ 
dition  has  the  highest  concentration  of  flow  along  the  shoal  portion  of 
the  cross  section,  away  from  the  north  jetty.  When  Banks  Channel  was 
closed,  the  highest  flow  region  was  shifted  to  the  surface  layer  across 
the  width  of  the  channel,  due  to  the  effect  of  ebb  flow  from  Masonboro 
Channel  forcing  the  mainstream  of  ebb  flow  closer  to  the  jetty.  The 
reason  that  the  higher  flows  occurred  near  the  surface  was  most  likely 
due  to  the  fact  that  Masonboro  Channel  is  shallower  (-6  ft)  than  Shinn 
Creek  and  contributes  its  flow  to  the  upper  portion  of  the  water  column. 
With  Shinn  Creek  closed,  the  ebb  flow  has  two  high  concentration  regions. 
The  higher  flow  is  concentrated  toward  the  bar  side  of  the  channel,  due 
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NOTE  NUMBERS  INSIDE  GRIDS  DENOTE 

POINT  VELOCITY  DIVIDED  BY  AVERAGE 
MAXIMUM  VELOCITY  OVER  THE  CROSS  SECTION 


Figure  15*  Normalized  isovels  for  flood  and  ebb 
flow  at  ranges  1  and  2 


to  the  dominance  of  the  ebb  flow  of  Banks  Channel  over  that  of  Masonboro 
Channel.  With  Masonboro  Channel  closed,  the  ebb  flow  concentrated 
toward  the  shoal  region,  very  similar  to  the  base  condition. 

28.  Figure  15c  shows  the  maximum  flood  isovels  as  one  looks  bay- 
ward  at  the  channel  cross  section  at  range  2.  For  all  four  conditions 
tested,  the  flood  velocities  were  concentrated  toward  the  Wrightsville 
Beach  side,  the  location  of  the  larger  bay  channels — Banks  Channel  and 
Shinn  Creek — and  also  the  side  where  flow  over  the  weir  enters  the  bay. 
Flow  over  the  shallow  bar  at  the  entrance  approaches  the  inlet  throat 
(range  2)  from  the  south,  thus  concentrating  flow  on  the  northern 
(Wrightsville  Beach)  side  of  the  inlet.  In  each  case  of  closure  there 
was  an  increase  of  flow  concentration  on  the  Wrightsville  Beach  side 

of  the  inlet  throat. 

29.  Maximum  ebb  isovels  at  range  2  are  shown  in  Figure  15d.  For 
the  base  condition  the  dominance  of  Banks  Channel  is  noted  by  the  con¬ 
centration  of  current  on  the  Masonboro  Beach  side  of  the  inlet.  With 
Banks  Channel  closed  the  maximum  currents  were  much  lower  and  were 
located  on  the  Wrightsville  Beach  side.  With  Shinn  Creek  closed  the 
currents  from  Banks  Channel  dominate  and  the  higher  velocity  region 
occurred  along  the  Masonboro  Beach  side  of  the  inlet.  When  Masonboro 
Channel  was  closed  the  isovel  pattern  was  similar  to  that  of  the  base 
condition  except  a  slightly  higher  flow  concentration  occurred  along 
the  Masonboro  Beach  side. 

Discharges  and  Flow  Volumes 

30.  By  averaging  the  flow  velocities  over  the  cross  section  at  a 
given  time  and  multiplying  by  the  channel  cross-sectional  area  at  that 
time,  discharge  curves  have  been  prepared  for  ranges  1-7  (Plates  2U-30). 
These  curves  were  then  integrated  over  the  flood  and  ebb  portions  of 
the  tidal  cycle  to  calculate  ebb  and  flood  flow  volumes  through  the 
range.  These  are  included  on  the  discharge  curves  and  are  also  shown 
in  Table  4  and  diagrammed  in  Figure  l6. 

31.  The  easiest  way  to  examine  these  data  would  be  through  the 
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Figure  1 6.  Ebb  and  flood  flow  volumes  through  ranges  1-7 


flow  volumes,  which  are  shown  in  their  respective  locations  in  Figure  1 6 
At  range  1  there  is  a  decrease  of  flood  and  ebb  volumes  for  each  clo¬ 
sure.  This  is  due  to  reduction  of  the  tidal  prism  (which  can  be  repre¬ 
sented  by  the  average  of  the  flood  and  ebb  volumes  at  range  2)  in  each 
case.  The  closures  caused  a  l6  to  21  percent  reduction  in  tidal  prism 
(Table  4). 

32.  Because  there  were  no  velocity  stations  on  the  shallow  area 
south  of  the  channel  on  range  1,  a  substantial  portion  of  the  total 
flows  past  range  1  is  unaccounted  for  in  the  discharge  calculation 
(about  30  percent).  It  is,  therefore,  difficult  to  evaluate  the  effects 
of  the  closure  by  direct  comparison  of  the  discharge  computation.  The 
flows  at  range  1  for  each  plan  can  be  expressed  as  the  percentage  of 
the  flow  at  range  2.  For  the  base  condition  69  percent  of  the  ebb  flow 
at  range  2  passes  through  range  1,  76  percent  for  BCC,  66  percent  for 
SCO,  and  73  percent  for  MCC.  Inspection  of  these  percentages  shows  that 
for  BCC,  proportionally  7  percent  greater  flow  ebbed  through  the  metered 
portion  of  range  1  than  the  base  condition,  for  SCO  there  was  a  3  per¬ 
cent  reduction,  and  for  MCC  there  was  a  h  percent  increase.  Shinn 
Creek  then  must  have  an  important  role  in  directing  ebb  flows  out  along 
the  jetty  channel  through  range  1.  With  BCC  there  was  a  higher  propor¬ 
tion  of  flow  along  the  jetty.  With  SCC  there  was  a  considerable  de¬ 
crease  in  percent  and  magnitude  of  the  flow  through  range  1.  For  MCC 
an  increase  in  percent  of  flow  through  range  1  was  somewhat  surprising, 
but  examination  of  Table  b  shows  that  the  flow  increased  25  percent 
through  Shinn  Creek,  while  it  increased  only  11  percent  for  Banks  Chan¬ 
nel.  This  enabled  the  ebb  flow  from  Shinn  Creek  to  dominate  that 
through  Banks  Channel  and  caused  a  slight  increase  over  the  base  con¬ 
dition  for  the  flow  through  range  1  without  the  aid  of  the  ebb  flow 
from  Masonboro  Channel.  The  closure  of  Shinn  Creek  also  had  the  great¬ 
est  effect  on  flood  flows  through  range  1.  Taking  the  percentage  of 
flood  flow  through  range  1  of  the  flood  flow  measurement  through  range  2 
it  is  found  that  for  the  base,  flood  flow  through  range  1  was  3^  percent 
of  the  flood  flow  through  range  2,  35  percent  for  BCC,  25  percent  for 
SCC,  and  37  percent  for  MCC.  This  shows  a  9  percent  decrease  in  flood 


flow  through  range  1  for  SCC,  and  the  greatest  increase — 3  percent — 
coming  for  MCC.  For  BCC,  the  change  is  only  1  percent.  Thus  the  flow  in 
Shinn  Creek  had  a  noticeable  effect  on  flood  flows  through  range  1. 

33.  Table  1+  indicates  that  with  BCC,  Shinn  Creek  almost  entirely 
absorbed  excess  flow  diverted  by  the  closure,  with  a  1*9  percent  increase 
in  flow  volume  compared  with  a  4  percent  increase  in  Masonboro  Channel. 
With  SCC,  Banks  Channel  flow  increased  k2  percent  and  Masonboro  Channel 
increased  12  percent.  Masonboro  Channel  took  more  flow  in  this  case 
due  to  its  closer  proximity  to  Shinn  Creek  than  Banks  Channel.  With 
MCC,  Shinn  Creek  showed  the  greatest  increase,  25  percent,  with  Banks 
Channel  flow  volume  increasing  11  percent. 

Surface  Current  Photographs 

31*.  Photographs  during  early  flood  (hour  h) ,  late  flood  (hour  j), 
early  ebb  (hour  10),  and  late  ebb  (hour  0)  are  identified  as  Photos  l-l6 
for  the  base  and  three  closure  conditions. 

35-  Early  flood  flow  patterns  (hour  4,  Photos  1,  5,  9,  and  13) 
look  similar  oceanward  of  the  inlet  gorge.  Inside  the  inlet  they  vary 
with  the  closure  conditions.  Two  interesting  points  are  noticed.  First 
the  effect  of  whether  there  is  flow  into  Shinn  Creek  or  not  on  flow 
lines  into  Banks  Channel  can  be  seen  by  comparing  Photos  1,  9,  and  13. 
With  Shinn  Creek  closed  (Photo  9)  the  radius  of  curvature  of  the  flow 
lines  is  smaller  for  the  streaks  entering  Banks  Channel.  With  either 
the  base  condition  (Photo  l)  or  Masonboro  Channel  closed  (Photo  13), 
the  flow  lines  follow  a  broader  arc.  In  Photo  9  the  region  behind  the 
barrier  is  at  slack  while  for  the  other  conditions  there  are  significant 
flows . 

36.  Peak  flood  flow  photographs  (hour  7»  Photos  2,  6,  10,  and  lU) 
indicate  patterns  similar  to  early  flood  except  there  is  flow  over  the 
north  Jetty  weir  section.  Velocities  over  the  north  weir  were  slightly 
increased  over  the  base  at  1.5  fps  for  each  closure  compared  with  1.3  fps 
for  the  base. 

37*  Early  ebb  photos  (hour  10,  Photos  3,  7,  11,  and  15)  show 
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variations  for  the  different  test  conditions  primarily  at  the  inlet 
throat.  Photo  7  compared  with  Photo  3  (base  condition)  shows  how  the 
flow  is  directed  toward  the  Wrightsville  Beach  side  of  the  inlet. 

Photo  11  shows  the  thrust  in  the  opposite  direction  with  SCC.  The  Banks 
Channel  ebb  flow  is  greater  than  the  Masonboro  Channel  ebb  flow. 

Photo  15  compared  with  Photo  11  illustrates  the  straightening  effect 
Shinn  Creek  has  on  the  flow  exiting  through  the  throat. 

38.  Late  ebb  flow  photographs  (hour  0,  Photos  1*,  8,  12,  and  l6) 
show  interesting  variations  from  the  base  (Photo  k) .  Photo  8  shows  very 
high  velocities  exiting  the  AIWW  from  the  north  bay  into  Shinn  Creek 
due  to  Banks  Channel  closure  while  the  base  condition  shows  the  flow 
from  the  south  bay  dominating  AIWW  flow.  Late  in  the  ebb.  Photos  8  and 
16  show  that  flows  out  along  the  jetty  are  similar  to  the  base.  The 
discharge  through  range  3  has  just  passed  its  maximum  value  and  more 
of  the  flow  is  directed  similar  to  the  base  conditions.  Also,  in  each 
of  the  above  cases  (BCC  and  MCC)  range  3  has  received  the  greater  in¬ 
crease  in  flows  than  the  other  open  channel,  so  it  has  more  power  to 
direct  flows  along  the  existing  channel.  Photo  12  shows  chaotic  con¬ 
fetti  streaks  at  the  inlet  gorge,  with  the  Banks  Channel  flow  still 
dominant  and  perhaps  forcing  more  flow  over  the  bar  region  than  the 
other  conditions  do  at  this  time  of  the  tidal  cycle. 

Keulegan 1 s  K 


39*  Masonboro  Inlet  is  a  complex  inlet  and  its  hydraulic  charac- 

.  p 

tenstics  are  not  necessarily  fully  described  by  the  method  of  Keulegan 

but  it  is  possible  to  use  his  method  to  make  comparisons  due  to  the 

changes  in  inlet  hydraulics  caused  by  the  various  channel  closures. 

Keulegan' s  analysis,  among  other  simplifying  conditions,  considered  a 

channel  cross  section  that  did  not  vary  with  the  tidal  elevation  and  a 

bay  with  vertical  walls  which  did  not  vary  in  surface  area.  Obviously, 

Masonboro  Inlet  does  not  meet  these  criteria  but  relative  comparisons 

can  be  made.  Keulegan  defined  a  coefficient  K  ,  called  the  coefficient 


Aaplitudt, 


of  repletion,  to  represent  the  relative  filling  of  the  bay.  K  is 
defined  as  follows: 


'  °  o 

XL  +  mR 


in  which 


T  =  tidal  period,  sec 

aQ  =  ocean  tidal  amplitude,  ft,  half-range 

Ar  =  cross-sectional  area  of  inlet,  ft^ 

L  2 
A g  =  surface  area  of  bay,  ft 

g  =  acceleration  due  to  gravity,  ft/sec^ 

R  =  hydraulic  radius  of  channel,  ft  _ 

r— 

X  =  coefficient  of  friction,  defined  as  follows:  /X  =  - °rr-j 

with  n  =  Manning's  coefficient  1.L86R'1 

L  =  length  of  channel,  ft 

m  =  coefficient  resulting  from  velocity  distribution 
3 

Dean  has  shown  that  K  is  related  to  the  ratio  of  bay  to  ocean  tidal 
amplitude  and  the  phase  lag  e  as  shown  in  Figures  IT  and  18, 
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Relation  Coafflclant,  K 


Figure  17.  Ratio  of  bay  tide  to  ocean  tide  amplitude  as 
a  function  of  the  coefficient  of  repletion,  K 


vtf  .Imi  i 


<! 


riifiaaa«a^?"MaiiHi*iaiaaaaaaaaiafaiiiiiiiiiiiii 


■imiiiimiiiimi 

iminiiiimiiiii . 

iiiiiiiiiiiiiiiiiiittiiiNimiMt 
laaiiiiiiiiiiiiuiiiiiiiuiiiiiii^ 
laiiaitMiiiiiiiiiimiiHiiiniiii 

IIIIIIIMhIIIHIIHIMIIIIIIIHIIIIIIIIKIi 


■■agiiia 

manaa 

■■■■■■■a 

■■■■■■■a 

■aaiiala 


ass: 


iatian>:<«|H 


liailKiMimiiiminmiimi 

. . . . MiimffllfflHl 

. . 

bsxsd 

nmiiimiiimumiiiMiii:! 

. . 

II 1111114.  . . 

jh:J 

UUHIIHIimi.’IMniUlimilllllUlinMil 
H  HMIINIHtHHl. '« MIHUIIIIilllltl'llK" 

laaafaaaiiiuiimiiiiimiiiih.'MimiiiiimHi 

tiaaiHiiuiiuiiimuiiiiiiiaiiiiM^ 

i«aaaaiiiiiHiuimtinil 
ttttiimimmmmiii 

la  aaan  hiii  iiui  ihiii  iRNMHllR 

Mmt iMHiMJniHiimii!iiiiiiiiiiiiMiiiiinii.,  "i!ii  i  ■ 
|aaaaitniimmimiiHiMiii!''ii  ii  '  l  ■ 

BBgulll  lltlllllll  ■ 

. . 

fTTiuiiHmmiimimiiimiiiini  iiHiii;  mm 

■^Mll  IHtl  Hill  Hill  IHII 1 1 1 II  Hill  llll;  fllKMI:-  , 

. . m.i.i 

yaHiuiiiiuioMitHHimmiiiitiiiiiiiiMM  in  --.i 
_ HIIMIIIill  IHHIIIIl  lull  i  III  I II I II  i  . . . 

MaiiHamimtiHiHiHii  immi  n  iimiim  mi . . . 

. . h-  ,m;  i 

liaaaaaiiiMfiiNHHmiHnwimiiiiimiiMiiiiiiMiMr' 

lil#iatlaaaaiawiniiHMiii»»Hiii«iiiHiiiH>ii!i)nn.  iimn 
aHMMHMiiimiiiiiiitiiiuimittimiiiiiiiiiMim  ■  n 


■■aaaMiH 

aaiiiRia  a 
■aaafaaa 
■•aaigaaM 
■■iaaiaM 


•BSffliWS 

(jUKSHiSI 
Miiftl 
HHiS 


iiinunn.  'uiniiiimiWH  inirtwi  im  ■ 

iifatiimiiti>:iHui<iHiiini.iii  .-U" :  i 

iiunimiimumi..'nii . . 

IIIIHilUIIIIUlimiHh  l||llll)inii;in  | 


laaaiaiiiHiiiiHisdy 

If  VIIIIHIIIIINIMIHIIKIHiHlHIIIHIIflNIHIIIIIIliiHliiiii 
MaiuiiiiiiamRiiiMuiiimiiimi  iiiniiiiMiiiiii  imu i 
iaiaaiiiiiiHiHiiiiuiiiiiiiNtiiMiiiiiiirijiMiiiiii.'iiv  i 

i|ainiiiiiiifiiMiiiniMHWnmmiiiiiim»iiiii' . mu 


Tai7jTTTmM«aa|ij 

aiaiiaiam  ■■■■■§■  IM 
ivtainiiiiBiaiiaaaaai 
a . . 

mmuHi  fiiiiiNBH  i 


t--rt  -tH-i 


MIMiiiiiiiiiiiiiiiiiiiiiiiiflRMMMMI 

iiiiiiaiiiiiiiiiiiimiHiiitiiiiiiiiiiiiiiiiimiiiiiii 
aiaaaiaaiiiiniiiHtimimmHiiiiiiimiimiimumiT^ 
BaaaaaiMaaiaiiiaaaiiaaiiimtiimiiiiiiiiHiuiimuiiiii  :m : . 

IiaaiaaimainiiiiiimiNmimiimiiiaiiiii . mi  mi., 

iaiiaaHMiaaiHiiiiiiiHmniimHiiiiiiHniiiiimiim  mm. 
isaaiaami  aaaaaatan  imiimi  utiiHtii  mihhhi  nmmi  nm  i, 
a  aaiaaaaaai  aaaamiii  iimmii  iihmhi  miium  iwmii.nn.  n 
ilHaf  mu  aaiiniiii  luimui  immin  ihuiihi  hiiiiiii  nu;  >. 
•  mBm  aaaM  uaaa  aiiBiHt  at  mtt  mii<iiii>  ihhhui  mn»*i  m-.r 
•■MMaa^MmBaMMi»uuittiiiimmiMUMM| - 


laaai  ■BiBiiii 


■iMuaaiiiNimiimuHHuumiHuiiiimi.Ni:  i< 
MIM  mi II mi ihm urn  urn mu  H mm hhwh  , 
|aflii|||iiiiiiimiimuiiuiuiiim»muiiiHitm  aWM 

■Mm HWt  1 U UHIM  U IK uw  WN UHI IHNUII  :uiii  h  ■ 

HMMrn  Muama  ihn  mu  nhiuwi  wuiwi  iwimiMttu  mi.  ■ 
fBatMBaatHaaatimimmHMiMiHiiiimiNHiiiiimn 
il  aatM  aaiaa  aaamMM  uim  mu  hh  Him  hmiuii  iwmui 
MMBfllllliMII  MMI IUMHM  MH  »MI  IHUUUI  MWNHI 
■■ail  IHN  HHOmi  NIHINH  liwmu  inRNi 
PniMNiimimiiHmMMHuiimiwiiimMUi'mimJ 

•ammiiHMrtMi  him  rhimii  mmuHimw  num 
IlM  IMtIIMMMMIIMtntMmiU  UWimim«ti’Hi.,i 
.s$a»iaawuaaii»*»imimn»uwiumutti>H.mi 


sass 


Ml  INttMM  NNiaNI  IIMMII  Ml  NK  Kill  m 


M  aaaaa  itaa  ma  am  mu  inn  tmi  wumci  w 


ailiiMawaim 


Repletion  Coefficient,  K 


Figure  18.  Phase  angle  as  a  function  of  the  coefficient 

of  repletion,  K 

respectively.  The  phase  lag  e  may  be  found  by  the  "current  slack 
method"  as  first  used  by  O'Brien  and  Dean  and  by  Jarrett.  In  this 
method  the  time  lags  between  high  and  low  water  in  the  ocean  and  slack 
water  in  the  inlet  entrance  are  found  and  then  the  duration  of  the  flood 
and  ebb  flows  determined.  The  phase  lag  for  the  flood,  e  ,  and  ebb, 

r 

e  ,  are  then  found  by  dividing  the  time  lag  by  the  duration  of  the 
£ 

flood  and  ebb  flows,  respectively,  and  multiplying  by  180°.  These  two 

values  may  then  be  averaged,  e  ,  to  give  an  average  phase  lag  for 

avg  r 

the  inlet.  Figure  l8  is  then  used  to  determine  the  K  value.  Jarretv 
found  that  K  for  Masonboro  Inlet,  as  determined  by  the  current  slack 
method,  was  0.93  for  the  year  1969. 

U0.  Current  slack  in  the  inlet  may  be  determined  in  two  ways. 
First  would  be  the  time  the  actual  velocity  curve  reverses  from  ebb  to 
flood  or  vice  versa  at  the  inlet  throat.  If  velocity  data  axe  not 
available,  the  intersection  of  a  bay  tide  curve  for  a  tide  gage  near 
the  entrance  and  the  ocean  tide  curve  could  be  used  as  a  measure  of 
slack  water  since  there  is  no  head  difference  across  the  inlet.  However 
this  method  should  not  be  relied  upon,  since  inertial  effects  often 
allow  ebb  or  flood  flows  to  continue  after  the  time  of  zero  head  dif¬ 


ference.  Alio,  the  intersection  of  the  tide  curves  occurs  when  both 


bay  and  ocean  curves  are  very  flat  so  that  head  differences  are  very 
small,  which  causes  some  error  in  determining  the  actual  time  of  inter¬ 
section  of  the  curves.  This  variation  can  be  one-half  hour  or  greater. 

In  terms  of  velocities  it  appears  that  the  slack  time  can  be  estimated 
within  15  min,  especially  when  data  are  taken  at  half-hour  intervals. 

Ul.  The  1973  model  data  were  used  to  determine  K  for  the  various 
closure  conditions.  Table  5  shows  the  times  of  low-water  and  high-water 
slack  at  range  2,  the  inlet  entrance,  and  the  calculated  phase  lags 

,  e  and  the  K  value  determined  from  Figure  l8.  Table  5 
shows  that  K  was  reduced  most  for  the  BCC  condition,  i.e.  from  a  base 
condition  value  of  0.7l*,  K  was  reduced  to  0.1*6.  The  SCO  value  was 
0.51,  and  with  MCC  K  =  0.63  . 

1*2.  An  examination  of  the  expression  for  K  indicates  that  the 
variables  that  could  effect  a  change  are  Aq  ,  L  ,  m  ,  and  R  .  As 
noted  by  the  variations  in  isovels,  m  does  change,  and  the  average  R 
would  change  if  a  deeper  or  shallower  channel  is  cut  off;  but  m  and  R 
variations  are  small  compared  with  the  possible  variations  of  L  or 
Ac  .  A  rule  of  thumb  sometimes  used  to  define  channel  length  and  cross- 
sectional  area  is  to  limit  the  bayward  end  of  the  channel  at  the  point 
at  which  the  main  channel  subdivides  and  to  use  an  average  area  over 
this  length.  If  this  rule  is  applied  in  this  case,  there  would  be  no 
change  in  the  variables  defining  K  .  Therefore  it  is  necessary  to 
extend  the  inlet  entrance  region  into  the  individual  bay  channels  where 
a  simple  analysis  by  proportion  shows  that  the  changes  in  K  are  caused 
by  the  changes  in  channel  cross-sectional  area  since  K  a  A^,  .  Finding 
that 

A  (Masonboro  Channel)  =  U,300  sq  ft 

*w/ 

A  (Banks  Channel)  =  9,900  sq  ft 

A^  (Shinn  Creek)  =  8,300  sq  ft 

A  (Total)  =  22,500  sq  ft 

Then  knowing  Kg  >  by  proportion  for  > 

A  (Total)  -  A  (Banks  Channel) 

KBCC  =  ^ase^  Ar  (Total)  =  0,1+1 


In  a  similar  manner,  K^cc  =  0.60  and  KgCC  =0.1+7  .  These  values  com¬ 
pare  closely  with  the  measured  values  determined  from  the  model  data  in 
Table  5.  It  would  also  appear  that  the  effective  channel  length  might 
increase  due  to  a  channel  closure  as  a  result  of  the  more  circuitous 
route  the  flow  must  travel  to  fill  a  region  behind  a  barrier.  This  is 
indicated  in  a  later  section. 

1+3.  The  K  value  as  determined  from  the  ratio  of  bay  tide  range 
to  ocean  tide  range  (Figure  17)  is  shown  in  Table  6  and  compared  with 
the  K's  as  determined  by  the  current  slack  method.  The  average  tide 
range  of  gages  6  and  E  was  used  to  represent  the  entire  bay  range  since 
these  gages  are  somewhat  midway  between  the  inlet  entrance  and  the  bay 
extremes.  The  difference  between  the  K  values  for  the  two  methods  is 
about  the  same  for  each  test  except  for  SCC,  and  in  each  case  the  K 
determined  by  the  current  slack  method  is  smaller  than  that  determined 
by  the  ratio  of  bay  to  ocean  tide  ranges.  These  differences  are  evi¬ 
dently  due  to  the  more  channelized  nature  of  the  inlet  when  compared 
with  the  "ideal"  inlet  which  is  an  open  surface  area  with  a  uniform  rise 
and  fall  of  tide.  The  closure  of  a  channel  makes  the  model  inlet's  bay 
rise  and  fall  even  less  uniform.  Also,  gages  6  and  E  are  closer  to  the 
entrance  than  to  the  rear  of  the  bay,  where  there  would  probably  be  a 
smaller  tide  range,  though  no  data  were  taken  at  the  far  reaches  of  the 
bay  for  these  tests. 


Bay  Superelevation 


U4.  Bay  superelevation,  or  bay  setup  as  it  may  be  identified,  is 

defined  here  as  the  difference  in  the  mean  water  level  of  the  bay  and 

the  mean  ocean  level.  For  the  case  under  study  the  setup  is  defined 

over  the  interval  of  one  tidal  cycle.  Bay  setup  can  be  produced  in  a 

number  of  ways.  Wave  action  which  directs  a  shoreward  component  of 

momentum  flux  may  cause  a  bay  setup. Freshwater  inflow  into  the  bay 

2  T  8 

will  cause  a  higher  mean  bay  level  than  that  of  the  ocean.  ’  ’  The 

variation  of  the  entrance  channel  area  during  the  tidal  cycle  can  also 

2  7 

produce  a  setup  in  the  bay,  ’  with  the  greater  the  difference  in 
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cross-sectional  area  between  high  water  and  low  water,  the  greater  the 

setup.  Wind  also  can  cause  bay  setup  in  the  bay  or  over  a  part  of  the 
2 

bay.  Another  and  perhaps  primary  reason  for  the  change  in  bay  setup  in 
this  study  would  be  the  observed  increase  in  superelevation  with  a  re¬ 
duction  in  K  ,  which  is  caused  by  an  absolute  reduction  in  channel  area 

and  a  lengthening  of  the  channel.  This  effect  has  been  observed  in 

9  10 

model  studies  by  Mayor-Mora  and  in  numerical  studies  by  Oliveira  and 

7 

also  by  King.  Data  from  Mayor-Mora  and  Oliveira  are  plotted  with 

results  of  this  study  in  Figure  19.  The  reduction  in  K  caused  an 


Figure  19.  Ratio  of  bay  superelevation  to  ocean  tide  range 
as  a  function  of  the  coefficient  of  repletion,  K 

increased  bay  superelevation  because  as  K  decreases,  flood  flow  occurs 
during  higher  water  levels  and  ebb  flow  at  lover  water  levels.  This 
can  be  seen  in  Figure  20  where  the  times  of  maximum  head  difference  and 
thus  the  time  of  maximum  currents  are  noted  for  various  K  values. 

The  head  difference  between  ocean  and  bay,  Z  ,  is  evaluated  from 
Z  =  a^  sin  0  +  a^b^  (cos  0  -  cos  30)  +  a-^a^  sin  30  which  is  from  Refer¬ 
ence  2  where  the  various  coefficients  are  defined  for  various  K  values. 
As  K  decreases,  maximum  currents  occur  nearer  high  and  low  water.  For 
a  balanced  ebb  and  flood  tidal  prism  there  must  be  a  longer  ebb  duration 
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Table  7  shows  the  calculated  A  for  each  condition  compared  with  the 
measured  values  using  the  average  of  the  average  tide  elevation  for  the 
hay  tide  stations.  From  Table  7  the  calculated  superelevations  were  less 
than  the  measured  ones,  but  were  very  close  for  BCC  and  SCC.  The 
negative  calculated  superelevations  for  the  base  and  for  MCC  were  due 
to  the  fact  that  flood  duration  is  greater  than  ebb  duration  for  these 
conditions  and  the  formula  use.d  then  produces  a  setdown.  The  reason 
for  a  longer  inflow  for  the  base  condition  is  probably  based  on  the  fact 
that  due  to  the  variation  in  bay  area  with  tidal  elevation,  the  greater 
the  variation  over  the  tidal  cycle  the  longer  the  flood  duration.1'*'  The 
variation  of  bay  area  with  tide  elevation  at  Masonboro  Inlet  is  of  such 
magnitude  that  this  could  be  expected. 

Inertial  Effects 


1+5*  If  an  inertial  effect  is  present  there  will  be  a  difference 

in  bay  water  elevation  and  ocean  elevation  when  there  is  slack  water  at 

2 

the  entrance.  Keulegan  derives  an  expression  to  determine  this  head 
difference  from  a  one-dimensional  equation  of  motion: 


dV  dh 

dt  gao  dx 


A 


XM 


r 


Integrating  this  along  the  length  of  channel  ,  and  evaluating  when 
V  =  0  ,  the  differential  head  due  to  inertia  reduces  to: 


H 


B 


H 

o 


V  ttL 
max  x 

gT 


where 

H_  -  H  =  head  due  to  inertia,  ft 
B  o 

V  =  average  maximum  velocity  in  inlet,  fps 
IH&X  ■ ^ 

g  =  32.2  ft/sec 
T  =  tidal  period,  sec 

To  evaluate  the  differential  head,  a  channel  length  has  to  be 

defined.  Since  V  was  taken  as  the  velocity  at  the  inlet  gorge 


kl 


(range  2),  the  area  at  range  2  was  used  in  the  equation  defining  K  and 
the  other  parameters  were  chosen  as  follows: 

T  =  1*1*, 712  sec 
a  =  1.9  ft 
Ac  =  12,1*50  ft* 

Ag  =  2.066  x  io8  ft2 

R  =  lU.6  ft 

X  =  0.0071*3  (based  on  n  =  0.025) 

Solving  the  equation  for  Keulegan's  K  in  terms  of  L  ,  an  expression 
for  the  effective  channel  length  is : 

L  =  .  1965 

.K 

Evaluating  for  the  various  K  values,  the  calculated  lengths  are:  for 
the  base  condition,  L  =  20,1*07  ft;  for  BCC,  L  =  55.931  ft;  for  SCO, 

L  =  1*5,136  ft;  for  MCC,  L  =  28,902  ft  (Table  8).  The  effective 
length  with  BCC  and  MCC  more  than  doubled  the  base  condition  and  with 
MCC  the  effective  length  increased  by  1*2  percent.  Using  these  effective 
lengths  of  channel,  -  Hq  =  0.13  ft  for  the  base  condition,  0.28  ft 
for  BCC,  0.2l*  ft  for  SCC,  and  0.l6  for  MCC.  These  values  are  compared 
with  observed  model  values  of  0.15  ft  for  the  base,  0.15  ft  for  BCC, 

0.23  ft  for  SCC,  and  0.20  for  MCC  (Table  9).  The  tidal  elevations  at 
gages  6  and  E  were  averaged  again  to  represent  the  bay  tide.  The  mea¬ 
sured  values  and  calculated  values  compare  fairly  well.  An  interesting 
effect  noted  was  that  for  the  channel  closure  conditions  the  observed 
head  difference  between  ocean  and  bay  at  high  water  was  higher  than  that 
at  low  water  by  at  least  a  factor  of  3  (Table  9).  The  above  expression 
for  the  inertial  head  as  derived  by  Keulegan  is  based  on  a  sinusoidal 
velocity  curve,  so  it  does  not  illustrate  the  difference  in  the  inertial 
head  difference  at  high  water  and  at  low  water.  After  examining  the 
model  velocity  curves  at  range  2  (Plates  8-10),  it  was  noted  that  the 
difference  in  slopes  of  the  velocity  curves  when  the  velocity  is  zero 
is  less  during  the  ebb  to  flood  velocity  transition  than  in  the  flood  to 
ebb  transition.  However,  an  analysis  for  the  inertial  head  difference 

1*2 


for  these  two  conditions  using  the  expression 


<«b  -  Ho}  - 


proved  to  be  less  accurate  than  the  previous  method  (Table  9).  It  was 
seen  that  L  is  the  critical  parameter  for  this  determination  and  the 
necessity  of  evaluating  it  for  each  channel  closure  condition  was  noted 
because  the  base  condition  values  of  (dV/dt)v_Q  were  greater  than 
for  the  channel  closure  condition  values.  Therefore  L  must  be  in¬ 
creased  for  the  closure  conditions  if  the  calculated  results  are  to 
agree  with  the  model  observations  since  g  and  a^  are  constant  values 
Therefore  the  effective  length  of  the  inlet  was  increased  for  each  chan¬ 
nel  closure  condition  based  on  the  observation  of  increased  inertial 
head  and  analysis  of  the  velocity  curves. 

46.  From  Table  9  it  is  noted  that  the  inertial  head  difference 
is  increased  for  the  channel  closure  conditions  when  compared  with  the 
base.  This  is  possibly  related  to  the  later  occurrence  of  high  water 
in  the  bay,  i.e.,  the  reduction  in  K  ,  at  which  time  the  ocean  level 
has  fallen  a  greater  amount  than  for  the  earlier  high-water  base  con¬ 
dition,  thus  creating  a  greater  head  difference  for  the  channel  closure 
conditions.  From  Table  9  it  is  seen  that  the  inertial  head  of  the 
channel  closure  condition  is  lower  than  the  base  condition  at  low  water. 
Due  to  the  phase  lag  in  low  water  for  the  channel  closure  conditions, 
the  bay  low  water  occurs  later  than  the  base  condition  with  respect  to 
the  time  of  the  ocean  low  water,  with  the  result  that  the  rising  ocean 
tide  is  at  a  higher  level  for  the  channel  closure  conditions  and  thus 
the  head  difference  between  bay  and  ocean  is  smaller. 


Prototype  Channel  Closure 

1+7.  In  19^7  a  sand  dike  was  built  across  Shinn  Creek  at  its 
junction  with  the  AIWW  as  a  part  of  a  program  to  alleviate  erosion  along 
the  Wrightsville  Beach  shoulder  of  the  inlet  and  to  prevent  the  growth 
of  a  spit  into  Masonboro  Channel  as  seen  in  Figure  23a,  a  photograph 


BEurg 
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of  the  inlet  in  January  1945*  The  effect  of  this  dike  is  seen  in  Fig¬ 
ure  23b »  a  November  1949  photograph.  There  was  a  widening  of  the  inlet 
on  the  Masonboro  Beach  side,  a  buildup  on  the  Wrightsville  Beach 
shoulder,  and  an  inner  bar  buildup  inside  the  entrance.  By  May  1953 
(Figure  23c)  the  inlet  actually  bifurcated  into  two  separate  inlets. 

In  1954  Hurricane  Hazel  washed  open  the  sand  dike  (Figure  23d).  By 
March  1956  (Figure  23e)  Shinn  Creek  had  cut  through  the  inner  bar.  In 
1959,  when  the  main  channel  was  dredged,  the  dredged  material  was  placed 
across  the  Masonboro  Channel  inlet  (Figure  23f). 

48.  The  effects  of  closing  Shinn  Creek  as  seen  in  the  model 
pointed  out  that  ebb  flow  would  be  directed  toward  Masonboro  Beach 
(Plates  22  and  23)  and  flows  through  Masonboro  Channel  would  be  in¬ 
creased  (Plate  28).  Plate  31  shows  the  head  differences  throughout  a 
tidal  cycle  in  the  model  between  the  channel  entrance  (gage  B)  and 
gages  3-5*  The  greatest  change  in  head  difference  occurs  in  Masonboro 
Channel  between  gages  B  and  5  for  the  Shinn  Creek  closed  condition. 
Figure  23b  shows  that  increases  in  the  effect  of  flow  through  Masonboro 
Channel  on  the  entrance  region  probably  increased  with  time  as  the  inner 
bar  built  up  and  deflected  Banks  Channel  ebb  flow  in  a  direction  more 
nearly  perpendicular  to  the  beachline,  perhaps  even  reducing  flood  flow 

into  Banks  Channel  through  Masonboro  Channel.  A  stability  analysis  as 

12 

performed  by  Escoffier  was  applied  to  Masonboro  Inlet  and  it  was  found 
that  K_DTrnT.r,.T  ,  i.e.  the  critical  Keulegan  K  value,  was  0.64.  This 
means  that  when  the  K  value  falls  below  this  value  the  inlet  is  an 
unstable  state  and  shoaling  will  probably  occur.  As  noted  from  the 
testing,  closing  either  Banks  Channel  or  Shinn  Creek  will  cause  the 
K  value  to  fall  below  0.64.  Thus  instability  is  expected  for  either 
of  these  closures  and  the  prototype  closure  of  Shinn  Creek  bears 
this  out. 

49.  Having  examined  the  results  of  the  closure  of  Shinn  Creek, 
it  might  be  of  interest  to  hypothesize  the  effects  of  closing  either 
Banks  Channel  or  Masonboro  Channel  on  the  inlet  and  bay  morphology.  For 
example,  with  Banks  Channel  closed,  material  would  enter  the  Banks 
Channel  entrance  and  fill  in  the  immediate  vicinity  of  the  mouth.  This 


fill  probably  would  not  have  as  much  effect  on  changing  current  patterns 
as  the  middle  ground  shoal  that  formed  when  Shinn  Creek  was  closed  (Fig¬ 
ure  23b).  The  region  near  gage  6  in  the  AIWW  would  be  scoured  out  by 
faster  currents  rather  than  being  a  depository  for  material  due  to  the 
eddylike  currents  that  exist  there  now  over  a  major  portion  of  the 
tidal  cycle.  At  the  inlet  entrance,  the  highest  ebb  and  flood  currents 
for  BCC  exist  at  the  north  shoulder,  so  possibly  some  scour  would  occur 
there.  A  reduction  in  velocity  at  the  south  shoulder  might  permit 
greater  accumulation  of  sand  there.  With  Masonboro  Channel  closed, 
there  would  probably  be  a  buildup  somewhat  like  Figure  23a  with  a  spit 
building  across  the  channel.  The  inlet  throat  would  probably  then 
orient  itself  at  a  downcoast  angle  with  the  beachline. 

Conclusions 


50.  The  closure  of  any  of  the  three  interior  channels  in  Masonboro 
Inlet  produces  a  significant  change  in  the  inlet  hydraulics  and  would 
most  likely  produce  a  significant  change  in  morphology  as  illustrated  by 
the  prototype  case  history.  The  important  changes  in  flow  patterns  at 
the  inlet  entrance  occur  for  the  ebb  flow,  with  flood  flow  patterns  at 
range  2  staying  fairly  constant.  KeuJ.egan  K  values  show  decreases 

for  each  closure  condition,  with  closure  of  Banks  Channel  (the  largest 
interior  channel)  providing  the  greatest  decrease.  These  decreases  in 
K  are  the  result  of  a  reduction  in  flow  area  and  an  increase  in  the 
effective  length  of  the  inlet  for  each  closure  condition.  This  in  turn 
increases  the  bay  superelevation  because  of  the  reduction  in  K  .  Also 
the  inertial  head  increases  at  high  water  and  decreases  at  low  water 
with  respect  to  base  condition  for  each  channel  closure  which  is  asso¬ 
ciated  with  the  increased  bay  tide  phase  lag  because  of  lower  K 
values . 

51.  Shinn  Creek,  the  interior  channel  perpendicular  to  the  coast, 
aids  in  directing  ebb  flow  oceanward,  perpendicular  to  the  coast  as  seen 
in  evaluating  flow  volumes  through  range  1  for  the  various  conditions. 
This  indicates  that  the  initial  scour  along  the  outer  portion  of  the 
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north  jetty  (Figure  2k  for  the  June  1967  to  January  1968  period)  could 
have  been  caused  by  this  ebb  flow  effect.  This  result  must  also  be 
coupled  with  wave  effects  which  probably  contributed  to  filling  the 
dredged  channel  location,  also  shown  in  Figure  2k.  It  is  possible  that 
considering  the  effect  of  Shinn  Creek  on  ebb  flow  orientation,  it  would 
be  preferable  if  the  north  jetty  was  oriented  perpendicular  to  the 
shoreline,  rather  than  having  a  dogleg  in  the  downcoast  direction. 

This  flow  orientation  was  also  noted  in  testing  the  I96U  prejetty  inlet 
as  seen  in  Photo  17  showing  surface  current  patterns  during  ebb  flow. 
However,  it  is  almost  certain  that  even  with  a  perpendicular  orienta¬ 
tion,  the  channel  would  have  migrated  to  the  jetty,  which  Kieslich  and 
13 

Mason  documented  and  which  they  attribute  to  wave-induced  processes. 


kl 


Figure  24.  Scour  and  fill,  June  1967  to  January  1968 


PART  III:  WEIR  JETTIES  TESTS 


Int  r o duct ion 


52.  These  tests  were  designed  to  examine  the  effects  of  weir 
jetties  on  the  inlet's  hydraulics.  The  existing  condition  in  the 
prototype  has  a  north  jetty  with  a  weir  section  at  el  +2.0  mlw.  A 
test  program  for  the  Wilmington  District  was  performed  to  select  the 
best  alignment  for  a  future  jetty  on  the  south  side  of  the  inlet  (Fig¬ 
ure  25).  Since  the  south  jetty  did  not  include  a  weir,  results  of  the 
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Figure  25.  Masonboro  Inlet  with  south  jetty 


Wilmington  District  tests  could  be  compared  with  the  data  taken  for 
various  weir  configurations  in  the  supplementary  tests.  First  a 
+2.0  mlw  weir  was  added  to  the  south  jetty,  then  the  weirs  on  both 
jetties  were  lowered  to  0.0  mlw.  For  each  of  these  cases  a  set  of  tidal 


heights,  velocities,  discharges  and  flow  volumes,  and  surface  current 
photographs  were  collected.  Gaging  locations  are  shown  in  Figures  14 
and  25- 


53-  Weir  jetties  were  originally  designed  for  hydraulic  purposes. 
Flood  currents  flowed  over  two  weirs  on  either  side  of  the  inlet  between 
the  shoreline  and  offshore  rubble-mound  sections  and  were  elevated 
slightly  above  the  bottom.  The  weirs  confined  ebb  flow  largely  to  the 
channel,  producing  a  predominant  ebb  flow  between  the  jetties  which 
aided  in  maintaining  the  navigation  channel.  This  design  at  Charleston 
Harbor  Entrance,  South  Carolina,  produced  average  maximum  ebb  velocities 
60  percent  greater  than  flood,  and  the  channel  was  naturally  maintained 
between  1896  and  1936,  when  increased  depths  for  navigation  were  re¬ 
quired.  Later  designs  of  weir  jetties  for  sand  bypassing  originated 
from  observation  of  a  natural  condition  existing  at  Hillsboro  Inlet, 
Florida,  where  sand  was  washed  over  a  reef  adjacent  to  the  inlet  en¬ 
trance  and  deposited  in  protected  waters  where  it  could  be  easily 
dredged.  This  concept  was  extended  to  Masonboro  Inlet  and  later  to 
others,  such  as  Ponce  de  Leon  Inlet,  East  Pass,  Perdido  Pass  (all  in 
Florida)  and  Rudee  Inlet,  Virginia.  At  Masonboro  Inlet  the  weir 
section  in  the  north  jetty  is  nearly  perpendicular  to  the  shoreline 
and  extends  approximately  1000  ft  oceanward  from  the  mlw  line.  It 
appears  that  most  material  transport  in  the  vicinity  of  the  weir  is 
along  the  shoreward  end,  but  the  extra  length  of  weir  is  necessary 
to  prevent  a  "landlocked"  condition  from  occurring.  The  viability 
of  the  weir  system  is  not  universally  accepted.  At  Masonboro  Inlet 
it  can  be  shown  that  the  weir  worked  well  initially,  but  migration 
of  the  channel  into  the  deposition  basin  eliminated  it  as  a  deposi¬ 
tory  for  sand.  It  should  be  noted  that  the  channel  migration  into  the 
basin  was  most  likely  a  phenomenon  of  the  single  jettied  system 
as  discussed  in  PART  II  rather  than  an  effect  of  the  weir  and/or 
basin. 


Testing 

54.  The  model  was  run  for  only  one  tidal  condition,  the  mean 
tide,  with  a  3.8-ft  range.  The  tidal  height  and  velocity  plots  show 
four  sets  of  data  and  each  curve  is  identified  as  follows: 

a.  Base  =  Natural  1973  model  condition  (including  north  weir 

jetty,  with  weir  at  el  +2.0  mlw) 

b.  Plan  1  =  Base  plus  south  jetty  (no  weir  on  south  jetty) 

c_.  Plan  2  =  Base  plus  south  jetty  with  a  +2.0  mlw  weir 

cl.  Plan  3  =  North  and  south  jetties  with  0.0  mlw  weirs 

Tidal  Heights 

% 

55-  Plates  32-35  indicate  that  tide  heights  at  gages  1,  B,  2,  3, 
6,  and  E  showed  the  most  change  for  these  tests.  These  gages  are  along 
the  middle  of  the  inlet  area.  Gages  4  and  5  in  the  flanking  channels 
did  not  show  as  much  change.  Gage  1,  which  is  between  the  oceanward  tip 
of  the  jetties  and  the  weir  section,  showed  reductions  in  high  and  low 
water  for  plans  1  and  2,  then  with  the  0.0  mlw  weirs  of  plan  3  the  tide 
curve  returned  to  near  that  of  the  base  condition.  Comparison  of 
gages  3-5  (Plate  34)  shows  that  gage  3  (Shinn  Creek)  elevations  were 
higher  for  each  plan.  This  illustrates  the  increased  concentration  of 
flow  by  the  jetties  toward  the  center  of  the  entrance  channel  and  then 
into  Shinn  Creek. 

56.  Tables  10  and  11  summarize  the  effect  of  each  plan  on  tide 
range  and  mean  tide  level  (mtl).  In  Table  10  the  average  tide  range  for 
all  gages  within  the  confines  of  the  jetties  shows  that  plan  1  resulted 
in  the  smallest  average  tidal  range,  3.43  ft,  a  reduction  of  0.8  ft  from 
the  base  condition.  When  a  weir  was  added  to  the  south  jetty  (plan  2), 
the  average  range  increased  to  3.46  ft,  then  with  0.0  mlw  weirs  the 
range  approached  the  base  condition  with  a  range  of  3.49  ft.  The  aver¬ 
age  mtl  shows  an  interesting  change  also.  For  the  base  condition  the 
average  mtl  is  +0.05  ft  msl;  for  plan  1,  0.00  ft;  plan  2,  +0.06  ft; 
and  for  plan  3,  +0.14  ft.  Once  the  weir  section  on  the  south  jetty 
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is  installed,  the  average  level  increases  and  for  the  0.0  msl  weir 
section  the  increase  is  0.09  ft  above  the  base.  This  last  increase 
is  most  likely  due  to  the  fact  that  the  0.0  mlw  weirs  permit  the  great¬ 
est  flood  flow  into  the  jetties-bay  system,  while  restricting  the 
ebb  flow  to  the  channel  between  the  jetties.  Since  the  jetties  in¬ 
crease  the  effective  length  of  the  inlet  during  ebb  flow,  an  increased 
bay  superelevation  results.  Table  11  shows  the  change  of  mtl’s  from 
the  base  for  each  plan  condition. 


Velocities,  Discharp 


and  Flow  Volumes 


57*  Velocity  measurements  are  presented  in  Plates  36-51,  the 
results  of  discharge  and  flow  volume  computations  are  presented  in 
Plates  52-56,  and  cross-sectional  plots  of  maximum  ebb  and  flood  isovels 
at  ranges  1  and  2  are  presented  in  Plates  57-60.  Velocities  at  range  1, 
near  the  north  jetty  (Plates  36-38)  and  discharges  (Plate  52)  indicate 
that  ebb  flows  were  increased  over  the  base  condition  for  all  cases 
because  of  the  confinement  of  flow  by  the  addition  of  a  south  jetty. 
Flood  flows  at  this  location  increased  over  the  base  because  of  confine¬ 
ment  of  flood  currents  for  both  the  nonweir  south  jetty  and  the  +2.0 
mlw  weir  on  both  jetties;  but  when  weirs  on  both  jetties  were  reduced 
in  elevation  to  mlw,  flood  currents  and  discharges  dropped  to  or 
below  the  level  of  the  base  condition  due  to  the  increased  flood  flow 
over  the  weirs.  Ebb  isovels  at  range  1  (Plate  57)  show  higher  veloci¬ 
ties  at  the  surface  stations  of  C  and  S  for  all  the  south  jetty  condi¬ 
tions.  Flood  isovels  (Plate  58)  show  increases  for  plans  1  and  2,  but 
for  the  0.0  mlw  weirs  (plan  3),  the  velocity  distribution  becomes  some¬ 
what  similar  to  the  base  condition.  At  range  2,  velocities  (Plates  39- 
Ul)  showed  the  greatest  variation  from  the  base  at  sta  2N.  Discharges 
and  flow  volumes  (Plate  53)  show  that  the  average  tidal  prisms  were 
relatively  close  for  each  condition:  base  condition,  566  million  cubic 
feet;  plan  1,  55b  million  cubic  feet;  plan  2,  587  million  cubic  feet; 
plan  3,  5^*6  million  cubic  feet;  all  within  the  10  percent  possible 
error  of  measurement.  Ebb  isovels  (Plate  59)  indicate  a  slight  increase 
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of  flow  at  sta  2N  surface,  especially  with  the  0.0  mlw  weir.  Flood 
isovels  (Plate  60)  remain  very  similar  for  all  conditions. 

58.  Because  of  a  failure  in  the  data  acquisition  system  which  was 
not  discovered  until  after  completion  of  these  tests,  there  are  no  re¬ 
liable  velocity  data  at  range  3  (Shinn  Creek)  for  plan  3.  Bay  velocities 
at  ranges  3-5  (Plates  2—49 )  and  discharge  and  flow  volume  data  at 
these  locations  (Plates  5^-56)  indicate  that  plans  1  and  2  increased 
velocities,  discharges,  and  flow  volumes  through  range  3  (Shinn  Creek). 
All  plans  reduced  flow  through  range  *4  (Banks  Channel),  with  range  5 
(Masonboro  Channel)  showing  little  change.  Plan  3  velocities  at  range  3, 
determined  from  surface  current  photographs,  were  on  the  average 
slightly  higher  for  the  plan  conditions  than  for  the  base. 

59-  Velocities  at  sta  29-31  and  35  near  the  outer  ends  of  the 
jetties  (see  Figure  25  for  locations)  are  shown  in  Plates  50  and  51- 
No  base  data  were  taken  at  these  locations.  At  sta  29  (the  south  jetty 
tip)  surface  ebb  velocities  were  significantly  increased  by  addition  of 
the  weir  section  to  the  south  jetty.  Surface  ebb  velocities  at  sta  3C 
and  31  showed  little  change,  but  sta  35  showed  slightly  higher  bottom 
ebb  velocities,  although  between  hours  2  and  9  this  is  actually  an  eddy 
region  during  flood  flow. 


Keulegan1 s  K 

60.  K  values  were  computed  by  the  current-slack  method  and  are 
shown  in  Table  12.  The  range  of  K  was  very  small,  from  0.7*+  (base 
condition)  to  0.70  (plan  3).  A  reduction  in  K  would  be  expected  since 
the  confining  effect  of  a  south  jetty  would  tend  to  make  the  effective 
length  of  the  inlet  greater,  and  K  is  inversely  proportional  to  the 
length.  Among  the  three  dual  jettied  conditions  it  might  seem  sur¬ 
prising  that  the  plan  3  system,  which  has  the  greatest  flow  area  (in¬ 
cluding  flow  over  the  mlw  weirs),  might  have  the  smallest  K  value. 
However,  the  reduction  in  K  for  plan  3  is  supported  by  the  increased 
bay  superelevation  (Table  10)  for  this  plan.  This  increased  super¬ 
elevation  is  most  likcLy  caused  by  the  variation  in  flow  cross  section 
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during  the  tidal  cycle  (see  Keulegan  or  King  ).  Plan  3  probably  has 
the  greatest  effective  flow  area  variation  because  of  the  0.0  mlw  weirs. 
The  word  "effective"  is  applied  here  because  though  the  flow  area  at  the 
weirs  and  at  the  entrance  between  the  jetties  is  constant  at  a  given 
water  level  for  plan  3,  only  the  flow  area  between  the  jetties  is  the 
primary  flow  region  during  ebb  flow  due  to  the  concentrated  ebb  jet. 

Thus  plan  3  would  have  the  greatest  flow  area  into  the  inlet  during 
flood  flow  and  roughly  the  same  flow  area  as  plan  2  for  the  ebb  flow. 

Surface  Current  Photographs 

61.  Surface  current  pattern  photographs  for  the  base  condition 
and  plans  1-3  are  Photos  1-1*,  18-23,  24-29,  and  30-35,  respectively. 
Times  of  the  photographs  for  plans  1-3  are  as  follows:  hour  4,  early 
flood  flow;  hour  T>  peak  flood  flow;  hour  9,  start  of  ebb  flow;  hour  10, 
early  ebb  flow;  hour  11,  peak  ebb  flow;  hour  0,  late  ebb  flow.  Base 
condition  photographs  are  presented  for  hours  4,  7,  10,  and  0. 

62.  At  hour  4  (Photos  18,  24,  and  30)  the  main  difference  between 
the  plans  is  that  for  plan  3  there  is  flow  over  the  0.0  mlw  weirs  with 
velocities  of  about  1.5  fps.  At  hour  7  (Photos  19,  25,  and  31 )  flood 
flow  toward  the  inlet  over  the  weirs  is  occurring  for  all  plans. 
Velocities  over  the  0.0  mlw  weirs  (plan  3)  are  about  2  fps  and  for  the 
+2  mlw  weirs,  1.6  to  1.8  fps.  Thus,  there  is  not  a  significant  differ¬ 
ence  in  maximum  flood  velocities  over  the  weir  sections  for  the  differ¬ 
ent  weir  elevations.  These  velocities  over  the  weir  are  somewhat 
greater  than  the  base  condition  (Photo  2)  which  has  just  the  single 
north  weir  jetty,  and  is  thus  open  to  the  ocean  on  both  sides  of  the 
weir.  With  two  jetties  there  is  a  greater  drawdown  over  each  weir  on 
flood  flow  due  to  a  greater  head  difference  between  the  ocean  and  the 
confined  region  between  the  jetties. 

63.  At  hour  9,  during  the  initiation  of  ebb  velocities,  there  is 
ebb  flow  over  the  Jetties  in  every  case  (Photos  20,  26,  and  32).  One 
hour  later,  at  hour  10  (Photos  21,  27,  and  33),  flow  over  the  weirs  at 
+2.0  mlw  (plans  1  and  2)  has  stopped  since  the  water  has  almost  dropped 
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to  this  level,  but  for  plan  3  (the  0.0  mlw  weir)  flow  over  the  weirs  is 
still  occurring.  At  hour  11  (Photos  22,  28,  and  3k)  there  is  still  flow 
over  the  0.0  mlw  weirs  of  plan  3.  The  existence  of  ebb  flow  over  the 
0.0  mlw  weirs  appears  to  concentrate  the  flow  that  remains  between  the 
jetties  adjacent  to  the  inner  walls  of  both  north  and  south  jetties 
(compare  Photo  31*  with  Photos  28  and  22).  Detailed  velocities  at 
range  1  indicate  this  primarily  at  sta  IN,  surface.  Also  the  trajec¬ 
tories  of  the  flow  lines  in  the  middle  of  the  jetties  toward  the  ocean- 
ward  end  are  not  exiting  as  straight  for  plan  3  as  plans  2  or  1,  though 
the  existence  of  a  shoal  in  the  midregion  between  the  jetties  and  its 
deflection  of  flow  lines  make  this  comparison  difficult  to  evaluate. 

At  hour  0  (Photos  23,  2 9,  and  35)  the  flow  appears  to  be  concentrated 
closer  to  the  north  jetty  for  plan  3  (Photo  35)  than  for  the  others, 
similar  to  hour  11  photographs. 


Conclusions 


6k.  The  effect  of  a  south  jetty  is  to  centralize  the  flood  flow 
through  the  inlet  gorge,  and  the  presence  of  a  weir  on  the  south  jetty 
does  not  change  this  basic  flow  pattern.  As  a  result  of  this  flow 
pattern,  flow  increases  through  Shinn  Creek,  the  channel  directly  behind 
the  inlet  gorge.  Flood  velocities  over  the  0.0  mlw  weirs  are  slightly 
greater  than  those  over  the  +2.0  weir  jetties  (0.2  to  0.U  fps  greater). 
However,  the  flow  volume  coming  over  the  0.0  mlw  weir  sections  is  sub¬ 
stantially  greater,  which  slightly  reduces  flow  entering  between  the 
jetties  at  their  oceanward  end.  Mean  tide  range  measurements  in  the 
bay  show  that  the  0.0  mlw  weir  sections  bring  the  average  tide  range 
closest  to  the  base  condition;  however,  the  reduction  in  tide  range 
for  the  most  constricted  condition,  the  nonweir  south  jetty,  is  only 
0.08  ft. 

65.  Ebb  velocities  seem  to  be  better  centralized  between  the 
jetties  for  the  +2.0  mlw  weirs  and  the  nonweir  south  jetty  conditions 
than  for  the  0.0  mlw  weirs.  Flow  over  the  +2.0  mlw  weirs  cuts  off  very 
early  during  ebb  flow  since  the  tide  level  has  dropped  to  just  below 
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the  mtl  once  ebb  flow  has  begun  to  reach  faster  velocities.  For  the 
0.0  mlw  weir  condition,  however,  ebb  flow  over  the  weirs  continues  until 
nearly  low  water.  The  continued  drawdown  of  ebb  flow  over  the  0.0  mlw 
weirs  aids  in  dispersing  the  flow  over  the  entire  region  between  the 
jetties  and  seemingly  could  aid  currents  to  flow  along  the  inner  walls 
of  the  jetties  rather  than  concentrating  in  the  central  region  between 
the  jetties  where  the  navigation  channel  is  located. 

66.  Plan  3  (dual  weirs  at  0.0  mlw)  produced  a  much  greater  ebb 
velocity  predominance  between  the  jetties  than  did  plan  2  (dual  weirs 
at  +2  mlw).  At  range  1  and  sta  30  the  ratio  of  maximum  ebb  velocity  to 
maximum  flood  velocity  for  plan  3  was  about  2.1,  while  for  plan  2  this 
ratio  was  only  1.2  at  range  1  and  1.6  at  sta  30.  Since  sediment  trans¬ 
port  is  an  exponential  function  of  velocity,  an  excellent  potential 
for  natural  scour  of  the  channel  between  the  jetties  exists  for  plan  3, 
similar  to  the  Charleston  Harbor  Entrance  condition  previously  mentioned. 
However,  maintenance  dredging  cannot  be  completely  eliminated  since 
sediment  transported  over  the  weirs  is  likely  to  be  deposited  in  qui¬ 
escent  interior  regions  of  the  inlet  and  bay. 

67.  There  was  a  slight  reduction  in  Keulegan  K  values  for  both 
the  dual  weir  jetty  conditions  when  compared  with  the  base  condition. 

68.  Under  actual  prototype  conditions,  other  factors  would  need 
to  be  considered  in  evaluating  low-water  weir  elevations  against  mtl 
weirs.  For  example,  inlets  with  very  small  K  values  would  have  dif¬ 
ferent  time  relations  of  when  flow  would  occur  over  the  weir  if  it 
was  at  a  mtl  elevation.  Also,  the  effect  of  waves  and  the  amount  of 
protection  needed  from  wave  activity  within  the  jetty  system  would  be 
of  importance  in  determining  the  proper  weir  elevation. 
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PART  IV:  SEDIMENT  TRACER  TESTING 


69.  Fixed-bed  shoaling  tests  or  sediment  tracer  tests,  as  they 
can  also  be  identified,  have  been  used  in  tidal  model  studies  for  many 
years.  Essentially  they  involve  the  placement  of  some  small-grained 
material  on  the  concrete  model  bed  which  is  subjected  to  the  action  of 
tidal  currents,  and/or  wind  waves.  These  tests  have  been  carried  out 
using  a  variety  of  modeling  techniques  depending  upon  whether  the  study 
region  of  interest  is  in  a  sheltered  bay  where  tidal  and  density  cur¬ 
rents  are  the  dominant  transport  mechanism  and  the  prototype  sediment 
might  be  lightweight  silt,  or  in  a  tidal  inlet  entrance  where  the  pro¬ 
totype  sediment,  sand  and  shell  fragments,  are  transported  by  both  tidal 
currents  and  waves,  or  along  a  beach  where  waves  are  the  dominant  trans¬ 
porting  force. 

70.  In  order  to  conduct  fixed-bed  shoaling  tests,  many  variables 
must  be  evaluated.  These  include  shape,  size,  and  specific  weight  of 
the  modeling  sediment  tracer;  method,  location,  duration,  and  quantity 
of  sediment  injection;  height,  period,  direction,  and  duration  of  waves, 
if  used;  magnitude  of  tide  range,  spring  or  neap,  for  example,  or  per¬ 
haps  artificially  distorted;  and  duration  of  the  test.  Some  examples  of 
previous  types  of  studies  follow. 

lU 

71.  In  a  study  of  Brunswick  Harbor  and  Jekyll  Creek,  Georgia, 
an  interior  estuarine  channel,  gilsonite  (an  asphaltic  material  with  a 
specific  gravity  (sp  gr)  of  1.035)  was  injected  uniformly  along  a  channel 
through  overhead  perforated  pipes  as  a  slurry  of  10  percent  gilsonite 
and  90  percent  water.  A  total  of  12,000  cc  was  injected  over  3  tidal 
periods,  then  the  model  was  operated  for  20  additional,  tidal  cycles, 
permitting  the  tidal  currents  time  to  move  and  deposit  the  sediment. 
Quantities  of  material  accumulating  in  different  regions  of  the  channel 
were  measured  and  the  percent  of  shoaling  material  in  these  regions  was 
calculated  to  determine  shoaling  trends. 

72.  In  a  study  of  the  Grays  Harbor‘d  estuary  entrance  the  entire 

region  between  the  two  jetties  was  subdivided  by  a  grid  system  and  the 

sediment  tracei',  100,000  cc  of  a  nylon  material  (sp  gr  l.lU,  D  ~  3  mm), 

bO 
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was  introduced  along  a  line  at  various  times  over  five  tidal  cycles 
across  the  entrance  channel  and  shoals.  The  material  was  then  subjected 
to  tidal  currents  and  waves  and  its  distribution  on  the  model  bed  de¬ 
termined  by  measuring  the  quantity  of  material  accumulated  in  each  grid 
block.  Also  in  model  studies  of  the  Columbia  River1^  a  lightweight 
plastic  {sp  gr  1.08)  was  placed  as  a  thin  layer  over  the  bottom  in  the 
entrance  area  before  model  operation,  then  during  operation  additional 

material  was  injected  at  point  locations.  One  other  type  tracer  study 

17 

was  performed  on  the  Umpqua  River  Entrance  in  which  the  model  was 
molded  about  0.02  ft  lower  than  the  natural  bathymetry,  then  a  veneer  of 
coal  was  placed  on  this  concrete  base  bringing  the  bottom  up  to  grade. 
This  type  of  test  was  almost  a  three-dimensional  movable-bed  test. 

73.  The  previously  discussed  tests  which  combined  tides  and  waves 
were  confined  to  regions  between  the  Jetties.  The  Masonboro  Inlet  test, 
due  to  the  existence  of  only  a  single  jetty  on  one  side  of  the  inlet, 
was  a  more  open  system  which  permitted  the  influx  of  longshore  currents 
into  the  tidal  current  system,  so  that  these  tests  might  be  considered 
a  variation  of  previous  sediment  tracer  testing. 

7k.  The  sediment  tracer  tests  were  initiated  in  order  to  "observe 
movement  patterns"  of  material  introduced  on  the  fixed-bed  model  surface 
subjected  to  wave  and  tidal  current  forces — in  effect,  to  trace  its 
movement,  hence  -  tracer  tests.  This  test  series  evolved  into  a  "veri¬ 
fication"  of  filling  and  scouring  regions  which  were  identified  from  the 
prototype  by  preparing  fill  and  scour  maps  from  successive  historical 
survey  maps  covering  the  inlet  throat  oceanward  to  the  extent  just  be¬ 
yond  the  north  jetty.  It  was  anticipated  that  short-term  trends  in 
fill  and  scour  might  be  predictable  with  the  technique,  and  if  nothing 
else,  the  patterns  of  movement  of  material  during  ebb  and  flood  tidal 
currents  with  the  influence  of  ocean  wind  waves  could  be  examined  to 
define  mechanisms  of  sediment  circulations  in  the  vicinity  of  a  tidal 
inlet — a  region  of  dynamic  complexity. 

75-  Certain  considerations  must  be  kept  in  mind  for  testing  of 
this  nature.  For  example,  it  is  not  possible  to  simultaneously  model 
refraction  and  diffraction  in  a  distorted-scale  model.  Refraction  is 
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depth-dependent  and  as  a  result  wavelength  is  scaled  by  the  vertical 
scale.  Diffraction  effects  are  correctly  scaled  by  the  horizontal 
dimension  and  so  wavelength  would  be  scaled  horizontally.  For  this 
study,  refraction  was  correctly  scaled  and  it  is  believed  that  effects 
of  diffraction  distortion  are  small. 

7 6.  Since  only  a  thin  veneer  is  placed  on  the  model  surface,  sedi¬ 
ment  movement  trends  can  probably  only  be  predicted  in  a  qualitative 
manner.  For  example,  since  there  is  only  a  limited  amount  of  movable 
material  in  a  region,  if  the  region  scours  until  it  reaches  the  fixed- 
model  bed,  only  this  amount  of  material  can  cause  fill  in  another  region. 
In  nature,  the  initial  scouring  region  may  degrade  a  considerable  amount 
more  and  thus  cause  a  larger  fill  in  another  region.  Also,  the  fixed- 
bed  maintains  existing  wave  refraction  patterns  with  only  minor  changes 

at  regions  of  sediment  tracer  accumulation. 

« 

77.  Tracer  tests  were  initiated  to  determine  patterns  of  material 
movement  in  and  around  the  inlet.  This  portion  of  the  study  evolved 
into  an  effort  to  duplicate  shoaling  patterns  for  a  two-year  prototype 
period  while  reproducing  tidal  currents  and  a  monocromatic  wave  field. 

Introductory  Testing 


78.  Four  materials  were  tested  to  determine  if  patterns  of  move- 


ment  could  be  simulated  in 

the  model. 

.  They  were : 

Material 

Specific 

Gravity 

Shape 
of  Grains 

Median  Diameter 
Size,  mm 

Quartz  sand 

2.65 

Angular 

0.23 

Expanded  shale 

2.05 

Rounded 

1.5 

Naturalite 

(ground  pumice) 

1.7 

Angular 

0.95 

Tenite  butyrate 
plastic 

1.18 

Cubical 

3  mm  on  a  side 

A  detailed  summary  of  the 

properties 

of  these 

materials  is  shown 

Appendix  A,  including  gradation  curves,  fall  velocities,  and  angle  of 


repose . 


79.  A  3-ft-high,  7. ^-sec-period  wave  generated  from  S56°E  (for 
locations  of  wave  machine,  see  Figure  26)  was  selected  for  the  first 
test.  Movement  of  the  sediment  on  the  model  bed  resulting  from  waves 
without  effects  of  tides  was  observed,  and  similar  results  were  obtained 
with  all  four  materials;  however,  with  sand  and  expanded  shale,  higher 
waves  and  a  longer  time  were  needed  to  obtain  results  similar  to  that 

of  the  plastic.  Material  moved  toward  the  inlet  and  along  Masonboro 
Beach  over  a  1500-ft-long  section  adjacent  to  the  inlet  and  along 
Wrightsville  Beach  over  a  600-ft-long  section  adjacent  to  the  inlet. 
Beyond  these  points,  material  moved  away  from  the  inlet  on  both  beaches. 
Movement  of  material  over  the  landward  edge  of  the  weir  into  the  north 
side  of  the  inlet  gorge  occurred  with  each  material. 

80.  Next,  two  series  of  tests  were  conducted  with  a  mean  tide 
(3.8  ft)  and  3-ft-high,  7 • ^-sec-period  waves  from  S56CE.  Expanded 
shale  (sp  gr  2.05)  was  used  for  the  first  test  series.  This  material 
was  placed  uniformly  over  the  ocean  bar  at  high  water  of  the  tidal 
cycle.  Waves  were  then  introduced.  After  five  tidal  cycles,  patterns  of 
material  movement  were  observed  and  found  to  be  similar  to  patterns  in 
the  tests  without  the  tide  in  that  some  material  moved  upbeach,  some 
moved  downbeaeh,  and  some  moved  toward  the  gorge  of  the  inlet.  The  ocean 
shoal  was  increased  by  material  brought  in  from  areas  farther  oceanward. 

81.  For  the  second  test,  the  Tenite  butyrate  plastic  (sp  gr  1.18) 
was  used  as  the  bed  material.  Because  of  its  rapid  movement,  the  plas¬ 
tic  material  was  placed  uniformly  on  the  surface  of  the  model  at  high- 
water  slack,  and  the  resulting  movement  was  observed  until  low-water 
slack.  The  plastic  material  was  then  uniformly  placed  on  the  model 
surface  at  low-water  slack  and  the  resulting  movement  observed  through 
high-water  slack.  Results  of  these  tests  indicated  that,  during  the 
flood  flow,  material  moved  from  Masonboro  Beach  to  the  south  side  of 
the  inlet  gorge;  material  from  the  south  shoal  moved  to  the  south  side 
of  the  jetty  channel;  and  material  from  Wrightsville  Beach  moved  over 
the  shoreward  end  of  the  weir  to  the  north  side  of  the  inlet  gorge. 

During  the  ebb  phase,  material  did  not  move  toward  the  gorge  of  the 
inlet  but  built  up  on  the  south  shoal. 
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HEADBAY 


MOTE  CONTOURS  AND  ELEVATIONS  ARE  IN  FEET  REFERRED  TO  MLW 
VERTICAL  SCALE  OF  MODEL  1.60 
HORIZONTAL  SCALE  OF  MODEL  I  300 

THERE  IS  ADEQUATE  CLEARANCE  BETWEEN  WAVE  GENERATOR 
AND  MODEL  FLOOR  TO  PERMIT  TIDAL  FLOW 


SCALES  IN  FEET 


Figure  26.  Wave  generator  locations,  facility  B 


82.  Waves  were  next  introduced  from  a  Sl6°E  direction.  Sediment 
movement  tests  with  waves  and  no  tide  were  conducted  using  the  plastic 
(sp  gr  1.1 8)  material.  Results  showed  a  net  movement  of  material  into 
the  channel  and  over  the  weir  to  the  north  side  of  the  inlet. 

83.  For  the  sediment  tests  with  waves  from  Slo°E  and  a  3. 8- ft 
tide,  plastic  and  the  pumice  material  known  as  naturalite  (sp  gr  1.7) 
were  used.  Results  with  plastic  were  similar  to  the  tests  using  plastic 
with  a  3.8-ft  tide  and  waves  from  S56°E,  except  that  there  was  more 
movement  of  material  into  the  channel  along  the  jetty  and  less  movement 
of  material  over  the  weir  into  the  north  side  of  the  inlet.  Tests  using 
naturalite  with  the  waves  and  a  3.8-ft  tide  showed  a  net  movement  of 
material  from  the  south  shoal  into  the  channel.  Enough  material  moved 
into  the  channel  to  significantly  affect  the  tide  control  mechanism, 
which  indicated  that  the  tidal  prism  was  decreased.  A  qualitative  in¬ 
dication  of  fill  and  scour  patterns  is  shown  in  Plate  6l. 

84.  The  next  test  was  conducted  to  determine  patterns  of  material 
movement  in  and  around  the  inlet  with  waves  approaching  from  N84°E 

and  using  naturalite.  After  insertion  of  the  material  at  slack  water, 
the  model  was  operated  for  eight  tidal  cycles  with  3-ft-high,  7.4-sec- 
period  waves  used  continuously.  Results  showed  a  movement  pattern  sim¬ 
ilar  to  that  produced  by  the  Slb°E  waves.  The  quantity  of  material  was 
less,  but  it  was  moved  toward  the  channel.  The  main  deposition  area 
for  the  material  on  the  south  shoal  was  farther  oceanward  along  the 
channel  than  for  the  Sl6°E.  test.  A  qualitative  fill  and  scour  map 
(Plate  62)  siiows  results  of  this  test. 


Prototype  Data 


85.  At  this  point  in  the  shoaling  test  program,  it  was  decided 
to  use  a  semiquantitative  analysis  procedure  and  to  try  to  examine 
sediment  movement  trends  for  a  two-year  prototype  period. 

86.  The  verification  period  selected  for  the  fill  and  scour 
adjustment  of  the  model  was  the  two  years  between  prototype  surveys  of 
September  1969  and  August  1971  (Figure  27).  To  facilitate  a  direct 
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Figure  27.  Prototype  scour  and  fill,  September  1969  to  August  1971 


comparison  for  the  verification  tests,  the  model  grid  (described  in  para¬ 
graph  88)  was  superimposed  on  the  prototype  scour  and  fill  map.  Since 
each  block  may  have  some  fill  and  some  scour,  it  was  decided  to  delineate 
blocks  of  significant  scour  or  fill  and  blocks  with  approximately  equal 
amounts  of  scour  or  fill.  A  map  showing  this  delineation  for  the  proto¬ 
type  for  the  1969-1971  time  period  is  shown  in  Plate  63.  Small  revi¬ 
sions  to  this  map  will  be  given  in  descriptions  of  tests  to  follow. 

Procedure  and  Testing 

87.  It  was  necessary  to  choose  one  of  the  four  sediment  materials 
that  would  move  and  deposit  under  the  influence  of  model  forces  in  the 
same  manner  that  the  natural  sediments  move  and  deposit  under  the  in¬ 
fluence  of  natural  forces.  Significant  variables  expected  to  be  en¬ 
countered  during  verification  of  this  model  were:  (a)  shape,  size, 
gradation,  and  specific  weight  of  the  artificial  sediment;  (b)  method, 
location,  duration,  and  quantity  of  artificial  sediment  injection; 

(c)  height  and  direction  of  waves;  and  (d)  length  of  model  operation. 

Each  of  these  variables  had  to  be  resolved. 

88.  The  model  grid  system  was  redesigned  as  shown  in  Figure  28 
to  follow  the  natural  contours  of  the  inlet  region,  so  that  each  block 
is  an  area  of  essentially  all  scour  or  fill  (with  respect  to  the  pro¬ 
totype).  Each  block  has  an  identifying  number  in  the  upper  right  corner. 
The  amount  of  material  initially  placed  in  each  block  was  directly 
proportioned  to  its  area  so  that  volume  of  material  per  unit  of  model 
area  was  constant.  Material  quantities  (Figure  28)  are  given  in  milli¬ 
litres,  and  the  average  depth  of  material  spread  over  the  study  area 

was  0.018  ft.  Placement  of  the  material  was  done  by  hand,  as  in 
previous  tests,  during  slack  high  or  low  water  and  with  the  wave  gen¬ 
erator  turned  off.  After  placing  the  material,  wave  action  was  initi¬ 
ated  and  continued  through  a  predetermined  schedule;  then  the  model 
operation  was  stopped  and  the  material  from  each  section  was  recovered 
and  measured  volumetrically  (Figure  29  shows  the  study  area  with  mate¬ 
rial  in  place  before  testing). 

6k 


Figure  28.  Material  placement  for 
tests  1-5 


Figure  29.  Typical  placement 
of  naturalite  material  before 
testing 


89.  The  procedure  described  in  paragraph  88  involved  30  tests. 
Tests  6,  7,  and  8  concerned  south  jetty  tests  and  are  described  in 
Reference  18;  tests  15,  29,  and  30  were  tests  to  check  repeatability  of 
the  model  test  results;  test  22  conditions  were  altered  during  the  test 
because  of  a  malfunction  in  machinery  before  the  test  could  be  completed 
as  planned.  Each  test  is  described  in  detail  below  and  is  summarized 

in  Table  13* 

Tests  1-5 

90.  Naturalite  was  the  bed  material  used  for  tests  1-5-  Tests  1-3 
were  run  with  the  mean  tide  (3- 8- ft  range)  and  a  3-ft-high  wave  with  a 

7 .4-sec  period;  the  duration  of  each  test  was  eight  tidal  cycles.  The 
only  variable  in  these  three  tests  was  the  wave  direction:  Sl6°E, 
test  1;  N84°E,  test  2;  and  S56°E,  test  3.  As  the  wave  was  rotated 
from  Sl6°E  through  S56°E  to  N84°E,  it  was  noted  that  the  ratio  of 
total  mass  of  material  moved  was  approximately  3:2:1,  with  respect  to 
the  given  directions.  Test  1  (Plate  64)  showed  good  movement  into  the 
shoal  region,  but  material  that  moved  into  the  channel  alongside  the 
jetty  was  not  carried  out  by  the  ebb  currents.  Tests  2  and  3  (Plates  65 
and  66)  showed  lesser  material  movement  toward  the  channel;  thus 
scour  took  place  in  the  channel  but  not  enough  to  compare  favorably 
with  the  prototype.  Also,  material  movement  in  the  inlet  gorge  was 
very  low. 

91*  In  order  to  increase  the  tidal  current  scouring  action,  the 
range  of  ocean  tide  was  increased  to  6.1  ft.  The  S56°E  wave  was  used 
as  an  average  direction;  and  test  4  was  conducted  with  wave  parameters 
held  constant  as  before.  When  compared  with  test  1  which  had  a  3. 8- ft 
ocean  tidal  range,  results  of  test  4  showed  twice  as  much  material 
movement  (Plate  67);  however,  most  of  the  material  moved  was  at  the 
outer  tip  of  the  jetty  where  ebb  currents  were  strongest,  and  no  in¬ 
crease  in  scouring  at  the  inlet  gorge  took  place. 

92.  Test  4  was  conducted  with  a  6.1- ft  tide  which  had  a  0.0  msl 
mean  tidal  level.  Test  5  was  planned  to  increase  ebb  velocities  at 
the  inlet  gorge  so  it  was  believed  that  if  the  tide  range  was  kept 
the  same  but  the  mean  level  lowered  1.0  ft  to  a  -1.0  ft  msl  mean  tidal 
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level,  an  increase  in  velocity  could  be  gained.  Results  of  test  5 
(Plate  68)  did  not  indicate  an  increase  of  material  movement;  in  fact, 
the  total  amount  of  material  moved  in  test  5  was  about  20  percent  less 
than  the  material  moved  during  test  k.  The  major  cause  of  this  decrease 
appears  to  be  that  lowering  the  tidal  plane  resulted  in  less  penetration 
of  wave  action. 

93.  Tests  using  naturalite  as  the  bed  material  gave  reasonable 
indications  of  shoal  scour  patterns  on  the  shallow  bar  areas  and  near 
the  beach;  but  in  deeper  water  where  wave  motion  was  weaker  and  not  suf¬ 
ficient  to  initiate  sediment  motion,  the  shoal  and  scour  trends  indicated 
by  the  naturalite  material  did  not  appear  reasonable.  The  plastic  ma¬ 
terial  (sp  gr  1 . 18 ) ,  which  is  somewhat  lighter  than  the  naturalite,  was 
selected  for  use  as  modeling  material.  A  more  detailed  version  of  the 

prototype  scour  and  fill  map  for  1969-1971  is  shown  in  Plate  69.  On 

♦ 

this  map,  some  blocks  were  broken  into  smaller  units  to  make  better 
distinction  between  fill  and  scour  regions. 

Tests  9  and  10 

91*.  Tests  9  and  10  were  conducted  without  waves  in  order  to  ob¬ 
serve  the  movement  caused  by  tidal  velocities  alone.  Test  9  showed 
very  limited  movement  of  the  plastic  across  the  ocean  shoal  and  less 
than  desirable  movement  in  the  gorge  area  (Plate  70).  Test  10  was  con¬ 
ducted  with  a  higher  ocean  tidal  range  (U.5  ft)  and  a  greater  movement 
of  the  material  was  experienced  as  shown  in  Plate  71. 

95.  Some  problems  noted  during  tests  9  and  10  (Plates  70  and  71 ) 
related  to  both  the  characteristics  of  the  model  and  the  plastic  ma¬ 
terial  used.  The  plastic  is  placed  in  the  model  during  a  slack-water 
period  while  the  model  is  in  operation;  as  a  result,  there  is  limited 
time  to  accomplish  the  placement  before  current  action  begins.  Because 
the  plastic  is  very  light,  it  is  difficult  to  get  a  uniform  placement 
of  material,  especially  in  areas  of  steep  slope.  The  model  has  a 
distortion  factor  of  5,  i.e.,  slope  is  five  times  steeper  in  the  model 
than  it  is  in  the  prototype,  so  the  material  tends  to  slide  down  slopes 
before  it  comes  to  rest  on  the  surface  of  the  model. 

96.  The  tendency  of  the  plastic  material  to  shed  water  rapidly 
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and  dry  out  became  another  problem  during  shoaling  verification.  In  the 
shoal  areas  that  became  exposed  during  low  water,  the  material  would  dry 
in  the  short  time  of  exposure  and  as  the  water  began  to  rise,  some  of 
the  plastic  would  fail  to  break  the  surface  tension  and  would  remain  on 
the  surface  of  the  water  and  float  off  as  the  surface  velocity  increased. 

97.  This  problem  was  solved  by  thoroughly  wetting  the  plastic 
in  a  concentrated  detergent  solution  prior  to  erch  test.  The  water¬ 
softening  capabilities  of  the  detergent  served  to  break  the  surface 
tension,  thereby  allowing  the  material  to  remain  in  place  until  covered 
with  water.  Detergent  was  also  sprinkled  lightly  over  the  shoal  areas 
as  they  became  exposed  throughout  the  test.  Out  of  a  total  of  46,530  ml 
of  plastic  material  used  for  a  test,  the  amount  of  material  lost  averaged 
207  ml,  or  a  0.4  percent  loss. 

98.  After  test  10,'  two  20-ft-long  plunger-type  wave  machines  were 
installed  in  the  model  ocean,  providing  the  capability  to  simulate  two 
wave  directions  during  a  given  test.  The  tests  following  test  10  were 
then  designed  to  use  wave  machines,  thus  giving  the  more  realistic 
capability  of  having  wave  seasons  for  a  test.  The  wave  directions  for 
which  the  machines  were  located  were,  as  before,  Sl6°E  and  N84°E. 

99*  Although  movement  of  the  plastic  material  by  tidal  currents 
alone  was  not  as  successful  as  was  hoped  for,  a  series  of  tests  ( 11-30) 
with  waves  plus  tidal  action  was  initiated  with  the  expectation  that 
the  turbulence  from  wave  action  would  improve  material  movement. 

100.  A  short  series  of  experiments  was  run  in  order  to  determine 
what  type  of  wave  would  best  move  the  plastic  material.  Plastic  mate¬ 
rial  was  placed  over  the  model  surface,  and  waves  of  various  heights 
and  periods  were  run  and  their  effect  on  movement  of  plastic  at  various 
depths  was  observed.  Generally,  for  a  given  wave  height,  the  longer 
the  wave  period,  the  greater  its  ability  to  move  material  in  deeper 
regions  and  also  the  greater  its  ability  to  reach  and  move  sediment 
near  the  inlet  throat  after  crossing  the  ocean  shoals.  Another  guide¬ 
line  in  the  selection  of  waves  was  based  on  prototype  observations  which 
were:  higher,  steeper,  shorter  period  waves  approached  from  a  north¬ 

easterly  direction  in  the  fall  and  winter;  smaller,  longer  period  swell 


approached  from  the  southwest  in  the  spring  and  summer. 

101.  In  order  to  achieve  a  balance  between  tidal  and  wave  action, 
an  intermittent  type  wave  was  used  for  tests  11-15,  i.e.,  waves  were 
reproduced  for  certain  time  increments  throughout  the  tidal  cycle.  One 
prototype  hour  equals  approximately  92  sec  in  the  model;  and  waves  were 
reproduced  for  the  first  10  sec  of  this  92  sec  throughout  the  tidal 
cycle.  Although  this  procedure  aided  in  suspending  sediment  and  initi¬ 
ating  sediment  motion,  the  circulation  pattern  due  to  waves,  as  discussed 
in  a  previous  report,1  was  probably  not  maintained. 

Tests  11-14 

102.  Before  discussing  tests  11-14,  a  short  outline  of  the  param¬ 
eter  changes  made  between  tests  will  aid  in  interpretation  of  results. 
Periods  of  the  waves  used  in  tests  11  and  12  were  longer  than  periods 

of  the  waves  used  in  tests  13  and  l4.  Also,  the  time  duration  of 
northerly  waves  was  twice  that  for  southerly  waves  for  tests  11  and  13, 
while  the  time  duration  for  southerly  waves  was  twice  that  for  northerly 
waves  for  tests  12  and  l4.  A  spring  tide  with  a  range  of  4.5  ft  was 
used  in  all  of  these  tests.  Tests  11-14  were  run  for  six  tidal  cycles 
each.  The  wave  direction  sequence  was  two  tidal  cycles  of  the  pre¬ 
dominant  wave,  then  one  tidal  cycle  of  the  other  wave,  two  more  tidal 
cycles  of  the  predominant  wave,  and  one  tidal  cycle  of  the  other  wave. 

103.  The  initial  distribution  of  material  injected  into  the 
model  during  tests  11  and  12  is  shown  in  Plate  72  while  that  for  tests  13 
and  l4  is  shown  in  Plate  73.  In  general,  results  from  tests  11  and  12 
(Plates  74  and  75)  compared  better  with  the  prototype  on  the  beachward 
half  of  the  shoal  area,  and  those  from  tests  13  and  l4  (Plates  76  and 
77)  gave  better  results  on  the  oceanward  half.  The  longer  period  waves 
of  tests  11  and  12  moved  more  material  from  prototype  scour  blocks  39 
and  33  into  prototype  fill  blocks  29  and  32.  The  shorter  period  waves 

of  tests  13  and  14  moved  material  into  block  33,  an  area  of  scour  in 
the  prototype,  but  not  into  block  32,  an  area  of  fill  in  the  prototype. 
Blocks  37,  38,  45,  46,  and  47  (areas  of  fill  in  the  prototype)  were 
heavily  scoured  in  the  model  by  the  longer  period  waves  of  tests  11 
and  12.  The  shorter  period  waves  did  not  cause  as  much  scouring  in  the 
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deeper  water  areas  of  blocks  37,  38,  45,  46,  and  47,  and  did  help  obtain 
some  fill  in  those  areas.  That  region  in  the  prototype  most  likely 
receives  some  material  from  suspended  sediments  during  ebb  flow,  a  phe¬ 
nomenon  which  is  not  reproduced  in  the  model.  In  the  shoreward  regions 
(blocks  9  and  10),  material  was  not  moved  into  the  inlet  area  by  the 
shorter  period  waves  during  tests  13  and  14  nor  by  the  longer  period 
waves  used  in  tests  11  and  12. 

104.  All  four  tests  satisfactorily  reproduced  the  scour  along 
the  outer  reaches  of  the  north  jetty  and  deposited  this  material  farther 
oceanward.  In  the  inlet  throat,  however,  block  7  always  accumulated 

an  undesired  fill  because  the  material  would  pile  up  in  the  bottom  of 
the  gorge  due  to  the  steep  side  slope. 

105.  Comparison  of  the  effects  of  wave  predominance  for  the 
longer  period  waves  indicated  that  the  2:1  northerly  wave  predominance 
of  test  11  gave  slightly  better  results  than  did  the  2:1  southerly  wave 
predominance  of  test  12.  However,  with  the  shorter  period  waves,  the 
scouring  action  of  the  2:1  southerly  wave  predominance  of  test  14  gave 
significantly  better  sedimentation  patterns  than  did  the  2:1  northerly 
wave  predominance  of  test  13.  An  overall  comparison  of  tests  11,  12, 

13,  and  l4  indicates  that  a  2:1  ratio  of  southerly  wave  duration  to 
northerly  wave  duration  produces  the  better  model  shoaling  patterns. 

Test  15 

106.  Test  15  was  a  repeat  of  test  14.  No  changes  were  made  in 
any  parameters.  Results  (Plate  78)  were  compared  with  those  of  test  l4 
to  determine  if  the  tests  are  repeatable.  The  general  pattern  repeated 
very  well,  with  most  changes  from  fill  to  scour  or  vice  versa  occurring 
in  areas  of  low  material  movement.  In  comparing  volumes  measured  in 
each  test  for  each  block,  those  pairs  of  blocks  of  which  one  block  had 
less  than  a  10  percent  volume  change  were  eliminated  from  the  analysis. 

It  was  then  determined  that,  between  the  two  tests,  49  percent  of  the 
blocks  agreed  within  +10  percent,  71  percent  of  the  blocks  agreed  within 
+20  percent,  and  80  percent  of  the  blocks  agreed  within  +30  percent. 

In  other  words,  this  is  a  comparison  of  the  areas  of  significant  material 
movement.  When  all  blocks  were  used  for  comparing  how  well  volume 


70 


changes  repeated,  i.e.,  including  those  areas  in  which  there  is  only 
small  movement,  it  was  found  that  66  percent  of  the  blocks  agreed  within 
+10  percent,  85  percent  of  the  blocks  agreed  within  +20  percent,  and 
90  percent  of  the  blocks  agreed  within  £30  percent. 

Tests  16  and  17 

107-  Test  16  was  conducted  using  the  wave  burst  technique  but  with 
a  change  in  timing  of  the  bursts.  The  burst  from  the  north  wave  was  in¬ 
creased  from  10  to  20  sec  per  model  hour.  Results  of  test  l6  (Plate  79) 
showed  less  movement  of  material  on  the  outer  shoal  than  the  previous 
test,  and  an  undesirable  change  from  scour  to  fill  in  the  area  of  blocks 
1*8  and  5l*.  After  further  analysis  of  test  l6,  it  was  determined  that  the 
wave  burst  technique  does  not  develop  the  proper  circulation  patterns. 

108.  Test  17  was  conducted  with  a  2-ft-high,  10-sec-period  wave 
from  Sl6°E  and  a  2-ft-high,  *5- 8-sec-period  wave  from  N81°E.  A  U .  5— ft 
tide  (average  spring)  with  a  0.0-ft  mtl  was  used.  Waves  were  reproduced 
from  the  south  throughout  the  first  two  cycles  then  from  the  north 
throughout  cycle  3.  This  sequence  was  repeated  once.  The  necessary 
circulation  pattern  created  by  continuous  wave  action  existed  during 
the  test,  but  the  south  waves  resulted  in  excessive  material  movement. 
Results  of  test  17  are  shown  in  Plate  80. 

Test  18 

109.  For  test  18,  a  Sl6°E  wave  height  was  reduced  to  1  ft  with 
a  10-sec  period.  This  change  gave  an  improvement  in  desired  patterns, 
especially  in  the  outer  area  of  the  south  shoal;  however,  the  lack  of 
movement  in  many  locations  indicated  that  too  great  a  reduction  in  wave 
height  was  made  to  the  southerly  wave.  Results  are  shown  in  Plate  8l. 
Test  19 

110.  For  test  19,  the  Sl6°E  wave  height  was  increased  to  1.5  ft. 

In  addition,  the  N8U°E  wave  was  reduced  in  height  from  2  to  1.5  ft  and 
the  period  increased  from  5.8  to  9  sec  in  order  to  produce  more  move¬ 
ment  along  Masonboro  Beach.  Results  of  test  19  (Plate  82)  indicate 
slight  improvement,  especially  in  the  inner  shoal  area  (blocks  33,  23, 

2k,  25,  and  26);  but  the  outer  shoal  area  continued  to  show  excessive 


Tests  20  eind.  21 

111.  Tests  20  and  21  were  conducted  to  determine  the  effects  of 
waves  from  a  single  direction.  For  test  20,  a  Sl6°E,  2-ft-high,  6.7- 
sec-period  wave  was  used  throughout  the  six-cycle  testing  period.  For 
test  21,  a  N84°E  ,  2-ft-high,  6.5-sec-period  wave  was  used  throughout 
the  six-cycle  testing  period.  Time-lapse  motion  pictures  were  made  of 
both  tests,  with  an  exposure  obtained  every  2  sec.  This  was  done  to 
allow  detailed  analysis  of  developments  during  the  tests  and  proved 
helpful  in  analyzing  test  results.  Results  of  test  20  (Plate  83)  in¬ 
dicated  that  waves  from  the  south  caused  excessive  scour  on  the  south 
shoal.  Results  of  test  21  (Plate  8U)  indicated  that  waves  from  a 
northerly  direction  produce  proper  but  limited  movement  of  material 
toward  the  main  channel  to  allow  simulation  of  the  fill  adjacent  to  the 
channel  in  blocks  32  and  U0. 

112.  Analysis  of  results  obtained  to  this  point  in  the  test  pro¬ 
gram  indicated  that  waves  from  both  directions  contributed  equally  to 
obtaining  the  desired  prototype  shoaling  and  scouring  patterns;  there¬ 
fore,  equal  time  was  allotted  waves  fror  both  directions  during  the 
next  test . 

Test  22 

113.  For  test  22,  a  n81*°E,  2-ft-high,  5.8-sec-period  wave  and  a 

Sl6°E,  1-ft-high,  10-sec-period  wave  were  used.  The  sequence  of  wave 
operation  was  to  have  been  N-S,  N-S,  N-S;  but  an  equipment  malfunction 
resulted  in  a  modification  of  test  plans.  The  test  was  completed  as 
follows:  (a)  first  cycle  with  waves  from  N8U°E,  (b)  second  cycle  with 

waves  from  Sl6°E,  (c)  third  cycle  with  no  wave,  and  (d)  fourth,  fifth, 
and  sixth  cycles  with  1-ft,  13-sec-period  waves  from  Sl6°E.  Although 
results  (Plates  85)  were  considered  questionable  because  of  the  mal¬ 
function,  it  was  determined  that  a  shorter  period  wave  from  Sl6°E  would 
improve  the  model  verification. 

Test  23 

114.  Test  23  was  conducted  using  a  wave  sequence  of  N-S,  N-S,  N-S. 
A  N8U°E,  2-ft-high,  5.8-sec-period  wave  and  a  Slo°E,  1-ft-high,  10-sec- 
period  wave  were  used.  These  were  the  same  wave  characteristics  used 
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for  test  18;  however,  the  sequencing  was  changed.  Results  (Plate  86) 
showed  an  improved  transport  of  material  toward  the  channel  area  (from 
blocks  33  and  3**  to  block  32)  but  insufficient  movement  of  material  in 
the  shoal  area  (blocks  59.  60,  6l,  and  65). 

Test  24 

115.  For  test  24,  the  period  and  height  of  the  Sl6°E  wave  were 
increased  to  13  sec  and  1.25  ft,  respectively.  The  north  wave  remained 
the  same  (2  ft  high,  5.8-sec  period).  A  procedure  for  injecting  ma¬ 
terial  was  initiated  for  test  24,  because,  in  test  23,  areas  along 
Masonboro  Beach  and  from  the  end  of  Masonboro  Beach  to  the  main  channel 
(blocks  11A,  12A,  63A,  64A,  9.  13,  14,  21,  and  22)  showed  excessive 
scour.  The  total  deficiency  of  material  in  these  blocks  at  the  end  of 
test  23  was  3440  ml.  This  amount  was  arbitrarily  increased  by  50  per¬ 
cent  to  determine  the  amount  of  material  to  be  fed  to  the  beach.  Be¬ 
cause  waves  from  the  south  moved  the  material  along  Masonboro  Beach 
toward  the  inlet  more  than  waves  from  the  north,  it  was  decided  to 
deposit  material  at  the  beginning  of  each  cycle  when  waves  from  the 
south  were  reproduced.  One  third  of  the  material  was  fed  into  the  model 
at  the  beginning  of  tidal  cycles  2,  4,  and  6.  Results  of  the  test 
(Plate  87)  showed  a  shorter  period  wave  was  needed  from  Sl6°E  to  de¬ 
crease  the  amount  of  material  movement. 

Test  25 

116.  Test  conditions  for  test  24  were  maintained  for  test  25, 
except  the  wave  period  for  waves  from  Sl6°E  was  decreased  from  13  to 
10  sec  and  the  feeding  procedure  was  modified.  It  was  determined  from 
observations  of  test  24  that  material  fed  to  Masonboro  Beach  was  more 
likely  to  move  when  deposited  in  small  amounts  in  the  breaker  zone 
rather  than  in  one  large  amount  at  the  beginning  of  each  cycle.  Thus, 
for  test  25,  material  was  deposited  on  the  beach  during  each  cycle  as 
was  needed  to  maintain  the  desired  conditions  in  blocks  64a,  63A,  11A, 
and  12A,  i.e.,  as  the  blocks  scoured  out  they  were  fed  again.  Results 
of  test  25  (Plate  88)  show  that  significant  improvement  in  reproduction 
of  shoaling  near  the  south  side  of  the  inlet  throat  was  achieved.  Shoal¬ 
ing  of  the  prototype  along  the  jetty  channel  (blocks  32  and  4o)  was  not 
reproduced  by  the  model . 
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Test  26 


117.  After  analyzing  films  of  test  25,  it  was  concluded  that  an 
increase  in  the  period  of  the  waves  from  the  north  would  improve  move¬ 
ment  of  material  along  Masonboro  Beach.  Since  the  results  of  test  21 
showed  substantial  material  movement,  the  north  wave  of  test  21  (2  ft 
high  with  a  period  of  6.5  sec)  was  used  during  test  26.  The  rate  at 
which  material  was  fed  to  Masonboro  Beach  was  increased  for  test  26 
because  of  the  longer  period  north  wave.  Results  for  test  26  (Plate  89) 
showed  minor  improvement  in  fill  and  scour  patterns.  It  was  noted  that 
the  longer  period  north  wave  moved  some  of  the  material  fed  to  Masonboro 
Beach  southward  along  the  beach. 

Test  27 

118.  Test  27  was  conducted  with  a  decreased  tidal  range  (3.8-ft 
mean  tide)  in  order  to  reduce  scouring  in  the  channel  along  the  jetty  and 
especially  to  obtain  increased  shoaling  in  blocks  32  and  kO.  Results 
(Plate  90)  showed  an  improvement  of  desired  shoaling  for  blocks  32,  29, 
and  20.  This  was  the  only  significant  change  in  results  from  test  26. 
Test  28 

119.  Conditions  for  test  28  remained  the  same  as  test  27,  except 
that  the  mean  tidal  level  was  raised  to  +0.5  ft  msl  from  0.0  ft  msl. 

This  was  done  to  increase  movement  of  material  toward  the  throat  of 
the  inlet  by  the  penetration  of  wave  action  across  the  south  shoal. 
Results  of  test  28  (Plate  91 )  show  acceptable  agreement  with  the  proto¬ 
type  data. 


Accuracy  of  Tests 


Tests  29  and  30 

120.  Tests  29  and  30  were  undertaken  to  examine  the  repeatability 
of  identical  tests;  therefore  the  conditions  of  test  28  were  repeated 
for  tests  29  and  30.  Results  of  tests  29  and  30  are  shown  in  Plates  92 
and  93,  respectively.  The  differences  in  percentages  of  change  between 
tests  28  and  29,  tests  28  and  30,  and  tests  29  and  30  are  shown  in 
Table  14.  Analysis  shows  that  for  results  of  tests  29  and  30  when 
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compared  with  test  28,  67  percent  of  the  blocks  had  less  them  10  percent 
volume  difference,  83  percent  had  less  than  20  percent  difference, 

92  percent  had  less  than  30  percent  difference,  and  95  percent  had  less 
than  40  percent  difference.  The  average  percent  volume  difference  for 
a  block  was  11  percent. 

Comparison  with  the  prototype 

121.  Results  of  the  model  shoaling  verification  tests  (average 
of  28,  29,  30)  were  also  compared  semiquantitatively  with  prototype 
volume  changes  that  occurred  during  the  1969-1971  verification  period 
(Table  15).  The  word  semiquantitative  is  used  because  in  the  model  ma¬ 
terial  scoured  is  limited  to  that  amount  placed  on  a  block  at  the  start 
of  the  test,  which  in  turn  may  affect  the  amount  of  fill  in  an  adjacent 
block.  In  the  prototype  there  may  be  much  more  scour  in  one  area  and, 
as  a.  result,  much  more  fill  in  another  area.  The  percentages  for  both 
model  and  prototype  data  are  determined  by  dividing  the  fill  (or  scour) 
of  a  block  by  the  total  fill  (or  scour)  of  the  entire  study  area.  These 
percentages  are  then  weighed  by  the  ratio  of  the  area  of  the  given  block 
to  the  sum  of  the  block  areas.  The  differences  in  percentages  are  pre¬ 
sented  first  in  bar  graph  form  (Figures  30  and  31)  to  allow  for  compari¬ 
son  of  model  with  prototype  results.  These  percentages'  are  then  grouped 
and  shown  symbolically  to  represent  each  percentage  group  as  shown  in 
Plate  94.  Identical  procedures  and  operating  techniques  developed  on 
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Figure  30.  Comparison  of  model  and  prototype  percentages  of 
total  fill  or  scour,  blocks  5-36A 
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Figure  31.  Comparison  of  model  and  prototype  percentages  of 
total  fill  or  scour,  blocks  37-62 

the  model  to  obtain  shoaling  verification  for  the  desired  verification 
period  of  September  1969  to  August  1971  were  followed  in  all  tests  for 
different  conditions  or  plans  of  improvement . 

General  Observations 


122.  During  the  verification  of  shoaling,  some  interesting  ob¬ 
servations  were  made  with  respect  to  sediment  transport.  On  the  flood 
phase  there  was  a  continual  movement  of  sediment  toward  the  inlet. 

North  of  the  inlet,  sediment  moved  along  the  beach,  over  the  weir  at 
its  intersection  with  the  beach,  then  along  the  north  side  of  the  inlet 
toward  Banks  Channel.  From  the  south,  material  moved  along  the  beach 
and  along  the  south  side  of  the  inlet  with  the  aid  of  the  current  and 
refracting  waves.  Some  material  also  moved  from  the  shoals  toward  the 
inlet.  A  summary  of  movement  Is  shown  in  Figure  32. 

123.  During  ebb  flow,  a  more  complex  sediment  movement  system 
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exists  (Figure  33).  Material  is  swept  out  on  the  south  side  of  the 
inlet  over  the  south  shoal  area  near  the  inlet.  Also,  the  strong 
currents  along  the  jetty  channel  move  material  at  a  high  rate.  At  the 
tip  of  the  jetty,  material  moved  laterally  from  its  original  direction 
because  of  the  approaching  waves.  This  was  particularly  true  of  waves 
approaching  from  the  south  but  not  as  severe  for  waves  approaching  from 
a  northerly  direction.  In  the  lee  of  the  shoal  area  (with  respect  to 
the  ebb  currents ) ,  the  wave  action  captures  some  of  the  laterally  moving 
material  and  carries  it  up  to  the  south  shoal  and  deposits  some  material 
there  while  some  is  carried  laterally  again  toward  the  south.  Thus 
there  is  sediment  movement  directly  counter  to  the  ebb  flow. 

12U.  On  the  north  side  of  the  inlet  gorge,  there  is  no  movement 
of  material  oceanward  since  this  area  lies  in  an  eddy  generated  by  flow 
coming  out  of  Banks  Channel;  if  the  wave  power  is  high  enough,  it  is 
possible  to  obtain  movement  bayward  during  the  ebb  flow. 


Conclusions  for  1969  Shoaling  Tests 


125.  A  successful  shoaling  verification  was  completed  for  the 
September  1969-August  1971  period.  This  is  to  say  that  regions  of  fill 
or  scour  were  verified  in  a  semiquantitative  manner.  It  cannot  be 
explicitly  stated  that  the  forcing  parameters  (tides,  waves,  etc. ) 
adjusted  for  this  verification  are  applicable  for  another  time  frame, 
but  due  to  their  rational  selection,  e.g.  shorter  period,  steeper  waves 
from  N8U0E  and  longer  period,  low  waves  from  the  Sl6°E  direction  used 
in  the  verification  which  are  also  typical  of  the  prototype,  it  is 
hoped  that  roughly  correct  snort-term  predictions  can  he  made  for  other 
bathymetries  as  discussed  in  the  following  sections. 


196*4  Condition  Fill  and  Scour  Tests 


126.  A  later  phase  of  the  model  study  involved  remolding  the  model 
to  the  November  196*4  prejetty  condition  to  collect  hydraulic  and  fill 
and  scour  data  (see  Reference  1  for  hydraulic  data).  'Hie  purpose  of 
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testing  with  this  bathymetry  was  to  provide  base  data  for  comparison 
with  tests  of  the  plan  as  constructed  in  1965- 

127.  With  the  196U  pre jetty  bathymetry  installed  in  the  model 
(see  Reference  1  for  details)  and  prior  to  conducting  the  fill  and  scour 
tests ,  the  area  of  the  inlet  from  the  throat  oceanward  was  segmented 
into  a  pattern  of  blocks  (Figure  3*0  as  initially  established  for  the 


verification  tests.  The  quantity  of  material  placed  in  each  block  at 
the  beginning  of  test  to  assure  a  similarity  of  material  uniformly 
placed  over  the  test  area  was  proportional  to  the  plan  areas  of  the 
blocks .  The  material  was  then  placed  in  the  appropriate  block  and  the 
test  conducted.  The  tide,  waves,  shoaling  material,  injection  procedure 
and  test  duration  developed  in  the  scour  and  fill  verification  were 
duplicated  during  all  subsequent  tests.  For  information,  the  test  con¬ 
ditions  are  listed  in  the  plates  presenting  the  results  of  each  scour 
and  fill  test.  After  the  test,  the  material  in  each  block  was  measured. 


The  percentage  change  from  the  original  amount  of  material  was  then  de¬ 
termined.  This  percentage  is  shown  in  the  center  of  each  block  in  the 
plates  presenting  the  results  of  the  tests.  Block  numbers  are  identified 
by  the  small  numbers  in  the  upper  right  corner  of  each  block. 

128.  Base  tests  for  fill  and  scour  patterns  were  conducted  and 
were  identified  as  tests  1964-1  and  1964-2.  Two  tests  were  conducted  to 
allow  the  repeatability  of  the  tests  to  be  defined.  The  quantities  of 
material  placed  in  each  of  the  grid  blocks  used  for  the  tests  are  shown 
in  Plates  95-97  for  the  base  and  subsequent  tests .  A  contour  map  for 
the  1964  hydrographic  condition  and  the  location  of  each  block  are  shown 
in  Plate  98-  Results  of  both  base  tests  are  shown  in  Plates  99  and  100. 

129.  In  order  to  quantify  the  difference  between  the  results  of 
tests  1964-1  and  1964-2  (Plates  99  and  100),  the  percentage  change  for 
each  block  of  test  1964-2  was  subtracted  from  the  corresponding  changes 
for  test  1964-1.  Results  are  shown  in  Plate  101.  In  this  procedure, 
ctianges  which  indicated  scour  were  assigned  positive  values  (increase 

in  depth),  whereas  changes  indicating  fill  were  assigned  negative  values 
(decrease  in  depth).  A  positive  difference  between  the  changes  observed 
in  the  two  base  tests  (Plate  101 )  thus  indicates  a  greater  depth  in  that 
block  for  test  1964-1  than  for  test  1964-2. 

130.  Several  blocks  in  both  base  tests  were  swept  clean  of  ma¬ 
terial  (blocks  24,  25,  6l,  and  35  on  the  south  offshore  shoal  and 
blocks  15  and  l6  in  the  main  channel).  These  blocks  thus  experienced 
"100  percent  scour"  as  shown  in  Plates  99  and  100.  Since  "100  percent 
scour"  is  impossible  in  the  prototype,  the  significance  of  this  occur¬ 
rence  in  the  model  is  difficult  to  evaluate.  The  apparent  duplication 
of  this  occurrence  in  the  two  base  tests  is  also  difficult  to  evaluate, 
since  if  more  material  had  been  initially  available  the  scour  rates  for 
the  two  tests  may  have  been  different. 

131-  Plate  101  shows  no  particular  consistency  of  the  error  be¬ 
tween  the  two  tests  on  the  basis  of  broad  regions  within  the  entrance 
area.  For  example,  almost  the  same  number  of  positive  and  negative  dif¬ 
ferences  occurred  along  each  beach,  in  the  natural  offshore  channel, 
and  over  each  offshore  shoal.  However,  several  groupings  of  contiguous 


blocks  exhibited  either  positive  or  negative  differences,  e.g.,  blocks  3, 
4,  10,  102,  103,  12A,  12,  13,  23,  and  26  showed  positive  differences 
while  blocks  5,  6A,  8,  9,  and  14  and  blocks  104,  105,  and  106  showed 
negative  differences.  The  latter  two  groups  are  immediately  adjacent 
to  the  first.  It  is  thus  apparent  that  relatively  small  areas  were 
subjected  to  more  scour  in  one  test  than  in  the  other,  and  that  the  ma¬ 
terial  was  probably  deposited  in  one  or  more  nearby  small  areas.  In 
both  tests,  the  percentage  change  in  most  blocks  oceanward  from  the 
north  and  south  shoals  was  minimal;  therefore,  the  differences  between 
the  two  tests  are  small.  Although  local  differences  are  evident,  the 
overall  results  of  tests  1964-1  and  1964-2  are  considered  to  be  similar. 

132.  Results  of  tests  1964-1  and  1964-2  for  each  block  were 
averaged,  and  the  average  data  are  provided  in  Plate  102.  In  addition, 
three  photographs  taken  at  th£  end  of  test  1964-2  provide  additional 
information  on  the  test  results.  Views  of  the  model  and  pattern  of  the 
material  at  the  end  of  test  1964-2  as  seen  from  the  bay,  from  directly 
overhead,  and  from  the  ocean  are  shown  in  Photos  36,  37,  and  38, 
respectively.  The  average  results  for  each  block  (Plate  102)  show 
that  the  gorge  of  the  inlet  experienced  scour  for  most  blocks  (blocks  5, 
6,  6A,  and  8  show  scour,  but  block  7  shows  fill);  however,  inspection 
of  Photo  37  shows  that  material  existed  in  only  the  Wrightsville  Beach 
end  of  blocks  6  and  7  with  minimum  or  no  material  in  the  portions  in 
the  gorge.  Movies  showed  that  flood  flow  at  the  throat  of  the  inlet 
caused  material  to  move  a  short  distance  into  the  bay  and  that  ebb  flow 
caused  the  material  to  be  transported  back  through  the  inlet  to  a 
position  farther  oceanward  than  the  original  location  of  the  material 
at  the  start  of  the  flood  phase.  Thus  there  was  a  net  oceanward  move¬ 
ment  of  material  originally  placed  in  the  throat.  The  data  in  Plate  102 
indicate  a  major  accumulation  of  material  at  the  end  of  Masonboro  Beach 
(blocks  102-106).  Tiie  data  show  a  net  scour  for  the  approach  portion 
of  Wrightsville  Beach  (blocks  100,  101,  and  18)  and  a  trend  for  fill 
along  Masonboro  Beacti  (blocks  63  and  64  show  fill;  block  11  shows  a 
small  amount  of  scour).  Botii  the  shallow  shoals  oceanward  from  Masonboro 
and  Wrightsville  Beaches  and  the  channel  area  immediately  oceanward  from 


the  throat  showed  pronounced  scour,  whereas  the  offshore  portion  of  the 
natural  channel  exhibited  pronounced  deposition.  In  the  model,  the 
wave  action  on  both  shoals  was  intense  and  easily  put  the  shoaling  ma¬ 
terial  into  suspension.  Currents  then  moved  the  material  off  the  shoal. 
As  the  water  depths  over  the  shoal  increased,  material  was  deposited 
particularly  in  the  channel  between  the  shoals.  As  deeper  waters  were 
encountered  offshore  from  the  shoals,  the  tides  and  wave  action  did  not 
cause  the  material  to  move. 

Summary  -  Base  Tests 

133*  The  following  observations  are  made,  based  on  the  results  of 
the  base  tests: 

a.  The  fill  and  scour  tests  indicate  that  the  waves  are 

important  in  the  elongation  of  the  shoals  oceanward  from 
Wrightsville  and  Masonboro  Beaches.  The  results  appear 
to  overemphasize  the  removal  of  material  from  the  shal¬ 
lower  portions  of  the  shoals. 

_b.  The  same  patterns  of  fill  or  scour  were  repeated  for 

identical  tests.  There  are  cause-effect  variations  from 
test  to  test  though,  as  a  slightly  increased  scour  in 
one  location  will  probably  produce  an  increased  fill 
elsewhere. 

196k  Hydrograpiiy  Plan  Tests 

13*+.  After  the  1 96k  base  data  for  the  natural  inlet  were  col¬ 
lected,  the  lh-ft-deep  by  UOO-ft-wide  navigation  channel,  the  16-ft- 
deep  deposition  basin,  and  the  3^00-ft-long  weir  jetty  (Figure  35) 
were  constructed  in  the  model. 

135.  Tests  1961+-3  and  196k-h  were  conducted  with  the  jetty, 
basin,  and  navigation  channel  installed  in  the  model.  The  quantity  of 
material  placed  in  each  block  of  the  grid  prior  to  conducting  the  tests 
is  shown  in  Plate  96.  The  only  difference  between  the  initial  injec¬ 
tion  for  the  plan  tests  and  that  for  the  base  tests  (Plate  95)  was  that 
the  initial  injection  was  further  subdivided  in  those  blocks  through 
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which  the  navigation  channel  or  deposition  basin  passed.  This  was 
necessary  since  construction  of  the  plan  resulted  in  very  sharp  depth 
variations  in  blocks  14-21,  27-30,  33,  34,  39,  and  44.  The  plan  test 
results  also  show  the  subdivision  of  these  blocks.  A  third  test  (1964-5, 
Plate  97)  was  conducted  with  the  jetty,  basin,  and  navigation  channel 
installed  in  the  model.  In  this  test,  no  material  was  initially  placed 
north  of  the  jetty  in  order  to  assess  the  importance  of  material  placed 
in  that  area.  Material  placement  quantities  were  identical  with  those 
of  tests  1964-3  and  1964-4,  except  for  those  blocks  that  were  omitted. 

A  contour  map  superimposed  over  the  grid  block  layout  is  shown  in 
Plate  103. 

136.  The  changes  that  occurred  in  each  block  during  the  tests  are 
shown  in  Plates  104-106.  Photos  39-4l  show  various  views  of  the  deposi¬ 
tion  patterns  at  the  conclusion  of  test  1964-3.  The  differences  between 
the  results  of  tests  1964-3  and  1964-4  are  shown  in  Plate  107.  Results 
of  the  average  of  tests  1964-3  and  1964-4  are  presented  in  Plate  108. 

The  differences  between  the  average  of  tests  1964-3  and  1964-4  and 
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test  1964-5  are  shown  in  Plate  109*  The  differences  between  the  1964 
base  data  (tests  1964-1  and  1964-2)  and  the  1964  plan  data  (tests  1964-3 
and  1964-4)  are  presented  in  Plate  110.  An  indication  of  the  signifi¬ 
cance  of  the  change  that  occurred  in  a  particular  block  was  also  de¬ 
termined.  This  consisted  of  determining  the  amount  of  fill  or  scour 
per  unit  area  for  each  block  of  the  grid  for  the  average  data  for  both 
the  1964  base  tests  and  the  1964  plan  tests.  The  total  amount  of  fill 
or  scour  was  then  determined  for  the  test  area,  and  the  percentage  of 
total  fill  or  scour  for  the  blocks  was  determined.  Results  are  pre¬ 
sented  in  a  plan  of  the  test  area  (Plate  111)  and  in  bar  charts 
(Plates  112-115). 

137-  The  differences  between  the  results  of  tests  1964-3  and 
1964-4  (Plate  107)  were  determined  as  for  the  two  base  tests  (see  para¬ 
graph  129).  In  general,  the  same  comments  made  about  this  comparison 
for  the  base  test  data  (see  paragraphs  130  and  131)  can  be  made  about 
the  comparison  for  the  plan  tests.  It  is  apparent  that  relatively  small 
areas  were  subjected  to  more  scour  in  one  test  than  in  the  other,  and 
the  material  was  probably  deposited  nearby  in  one  or  more  small  areas. 
Although  local  differences  are  evident,  the  overall  results  of  tests 
1964-3  and  1964-4  are  similar. 

138.  Results  of  the  test  to  determine  the  influence  of  lack  of 
material  placed  northeast  of  the  jetty  (Plate  106)  are  compared  with 
the  average  of  tests  1964-3  and  1964-4  in  Plate  109.  In  this  case, 
the  1964-5  results  were  subtracted  from  the  1964-3  and  1964-4  average 
results.  If  the  lack  of  material  available  for  transport  over  the 
weir  section  and  around  the  outer  end  of  the  jetty  significantly 
influenced  the  results,  appreciable  change  should  occur  to  the  results. 
In  particular,  a  large  number  of  blocks  near  the  jetty  with  apprecia¬ 
ble  positive  differences  would  indicate  an  insufficient  inflow  of 
material  from  the  area  north  of  the  jetty.  A  general  review  of  the 
data  does  not  show  a  significant  difference  of  this  nature.  The 
differences  observed  are  in  the  general  range  of  differences  observed 
in  the  comparison  between  the  results  of  test  1964-3  and  1964-4 
(Plate  107). 


139*  The  average  results  of  the  plan  tests  (Plate  100)  show 
heavy  scour  in  the  throat,  on  the  south  shoal,  between  the  ehanne.  *nd 
the  jetty  seaward  of  the  deposition  basin,  and  immediately  north  <>r  the 
weir  section.  Heavy  shoaling  occurred  in  the  navigation  channel.  In  the 
deposition  basin,  and  along  Masonboro  Beach. 

lUO.  Compared  with  the  base  tests,  the  effects  of  the  Jetty, 
deposition  basin,  and  navigation  channel  are  shown  in  Plate  no.  A 
marked  increase  in  scour  occurred  along  Wrightsville  Beach  at  the  throat 
of  the  inlet  and  in  the  immediate  vicinity  of  the  deepest  portion  of 
the  gorge.  Approximately  halfway  between  the  gorge  and  Masonboro  Beach 
the  trend  reversed  to  increased  fill.  The  data  for  the  area  at  the  end 
of  Masonboro  Beach  showed  a  major  reduction  of  filling  with  the  plan 
installed.  The  overall  trend  for  the  data  at  the  throat  of  the  inlet 
was  a  deepening  of  the  gorge  and  a  widening  of  the  inlet,  especially 
toward  Wrightsville  Beach  (see  Photos  36  and  39). 

lUl.  The  difference  between  the  base  and  plan  data  (Plate  110 ) 
for  the  area  of  the  deposition  basin  showed  that  the  plan  reversed 
significant  scour  to  heavy  fill  and  decreased  the  rate  of  scour  in  the 
area  between  the  deposition  basin  and  the  weir  section  of  the  jetty. 

In  the  navigation  channel  opposite  the  jetty  weir  section,  scour  at  the 
inner  end  was  reduced  and  scour  at  the  outer  end  of  this  section  was 
reversed  to  fill.  Heavy  shoaling  that  occurred  in  the  base  test  between 
the  navigation  channel  and  the  jetty  from  the  outer  end  of  the  deposi¬ 
tion  basin  to  the  outer  end  of  the  jetty  was  reversed  to  scour.  Block  20 
and  that  part  of  block  16  outside  the  navigation  channel  were  the  only 
blocks  on  a  line  from  the  gorge  to  the  outer  end  of  the  jetty  that  did 
not  indicate  increased  scour  or  reversal  from  fill  to  scour  resulting 
from  the  plans.  The  contour  map  with  the  plan  installed  (Plate  103) 
shows  that  block  20  is  located  in  a  shallow  area  with  sharp  slopes  to 
deep  water  immediately  bayward  and  into  the  navigation  channel.  The 
data  for  both  the  base  test  (Plate  102)  and  the  plan  test  (Plate  108) 
show  that  all  material  was  removed  ("100  percent  scour")  from  the  block 
immediately  bayward  (block  16).  Since  the  bed  of  the  model  is  fixed 
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and  erosion  cannot  be  simulated  beyond  the  removal  of  the  material 
placed  in  the  blocks ,  the  material  in  block  20  may  be  artificially  pro¬ 
tected  by  the  inability  of  the  fixed-bed  model  to  fully  simulate  scour 
in  block  1 6.  If  the  capability  to  fully  simulate  scour  in  block  16 
had  existed  in  the  model,  the  data  for  the  test  with  the  plan  may  have 
shown  scour  (or  at  least  less  fill)  for  block  20.  In  general,  the  model 
results  show  that  compared  with  base  conditions,  the  plan  caused  definite 
filling  of  the  deposition  basin  and  inner  half  of  the  navigation  chan¬ 
nel,  and  scour  between  the  navigation  channel  and  deposition  basin  at 
the  inner  end  of  the  channel  and  between  the  navigation  channel  and  the 
jetty  at  the  outer  end. 

lk2.  The  difference  between  the  base  and  plan  data  (Plate  110) 
for  the  south  shoal  shows  that  the  plan  resulted  in  increased  scour  (or 
reversal  of  fill  to  scour)  adjacent  to  the  central  portion  of  the  navi¬ 
gation  channel  and  increased  filling  or  reversal  of  scour  to  fill  ad¬ 
jacent  to  the  outer  end  of  the  navigation  channel.  The  area  just  south 
of  the  crown  of  the  south  shoal  (blocks  2U ,  25,  6l,  and  35)  shows  no 
change;  however,  this  can  be  misleading  for  two  reasons.  Again,  the 
data  for  the  base  (Plate  102)  and  plan  (Plate  108)  both  show  "100  per¬ 
cent  scour"  in  these  blocks.  Had  more  material  been  initially  placed  in 
these  blocks,  the  scour  rate  for  the  plan  might  have  been  different  from 
that  of  the  base.  The  second  reason  data  may  be  misleading  is  that  no 
material  was  initially  placed  immediately  outside  the  blocks;  therefore, 
material  was  not  available  for  transport  into  these  blocks.  The  hy¬ 
draulic  tests  with  the  N84°E  waves  and  Sl6°E  waves  (see  Reference  l) 
showed  that  the  current  patterns  were  such  that  transport  of  material 
from  outside  of  the  test  area  was  a  reasonable  assumption;  the  same  is 
true  of  base  test  conditions.  The  general  trend  for  the  south  shoal 
area  was  for  the  area  immediately  adjacent  to  the  navigation  channel 
to  scour  and  for  tiie  shoal  to  elongate  into  the  ocean.  The  area  im¬ 
mediately  northeast  of  the  jetty  showed  that  scour  at  the  beach  was  re¬ 
versed  to  fill,  Jnd  scour  along  the  seaward  face  of  the  jetty  was 
increased.  The  Remaining  portions  of  the  study  area  did  not  experience 
any  appreciable  movement  for  either  test. 


143-  Results  of  the  computations  of  percentages  of  total  fill 
and  scour  based  on  the  fill  and  scour  per  unit  area  are  shown  in 
Plates  111-115.  The  data  tend  to  emphasize  those  areas  of  the  inlet 
in  which  the  most  significant  changes  of  fill  or  scour  occurred.  At 
the  throat  of  the  inlet,  the  influence  of  the  plan  on  scour  is  empha¬ 
sized  at  and  near  the  gorge  (blocks  6  and  T).  The  filling  of  the 
deposition  basin  (blocks  7-IB,  17-IB,  18-IB,  19-IB,  20-IB,  29-IB,  and 
30-IB)  and  scour  (or  reduction  of  fill)  on  both  sides  of  the  outer 
end  of  the  navigation  channel  (blocks  33-OC,  34-OC,  39-OC,  40-0C,  and 
44-OC)  are  evident. 

144.  Based  on  the  analysis  of  the  data  resulting  from  the 
fill  and  scour  tests,  predictions  for  the  improvement  of  the  inlet 
are: 

£i.  Both  the  navigation  channel  and  the  deposition  basin 
will  fill. 

la.  The  area  between  the  navigation  channel  and  the  deposi¬ 
tion  basin  and  along  the  outer  end  of  the  jetty  will 
scour. 

£.  The  shoal  located  oceanward  from  Masonboro  Beach  will 
elongate . 

d.  The  throat  of  the  inlet  will  increase  in  depth  and  width 
and  shift  toward  Wrightsville  Beach. 

145.  The  more  significant  predictions  are: 

a.  The  navigation  channel  can  be  expected  to  shift  toward 
the  jetty. 

b.  The  shoal  located  oceanward  from  Masonboro  Beach  can 
be  expected  to  elongate. 

£.  The  deposition  basin  can  be  expected  to  fill. 

1966  Hydrography  Tests 

146.  The  1964  hydrography  was  removed  from  the  region  of  the 
inlet  entrance  and  replaced  with  the  1966  hydrography.  The  July  1966 
prototype  hydrographic  survey  was  made  immediately  after  construction  of 
the  jetty,  channel,  and  deposition  basin.  Thus  the  1964  plan  data 
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could  be  compared  with  data  from  a  postconstruction  condition. 

lUT *  Figure  36  shows  the  19 66  hydrography.  Comparison  of  Fig¬ 
ures  31*  and  37  shows  that  depths  were  generally  shallower  for  the  1966 
condition,  and  that  at  velocity  range  2  location,  there  was  a  signifi¬ 
cant  shift  in  the  channel  to  the  north  (about  150  ft).  Also,  the  actual 
channel  was  not  as  wide  as  the  plan,  probably  due  to  the  natural  sloping 
of  sand  under  wave  and  tidal  current  action  subsequent  to  completion  of 
dredging. 

1^+8 .  Locations  of  the  blocks  of  the  grid  for  the  fill  and  scour 
tests  with  respect  to  the  1966  hydrography  are  shown  in  Plate  ll6.  The 
quantity  of  material  placed  in  each  block  prior  to  conducting  the  tests 
is  shown  in  Plate  95.  Results  of  tests  1966-1  and  1966-2  are  presented 
in  Plates  117  and  118.  The  deposition  pattern  at  the  conclusion  of 
test  1966-1  is  shown  in  Photo  h2.  The  differences  between  the  two  tests 
are  plotted  in  Plate  119-  The  averages  of  the  percentage  change  for 
each  block  for  tests  1966-1  and  1966-2  are  shown  in  Plate  120.  The 
differences  between  the  average  196k  plan  data  and  the  average  1966  data 
are  recorded  in  Plate  121.  The  data  in  Plate  122  are  the  percentage  of 
the  total  scour  and  total  fill  for  the  average  of  the  I96U  and  1966 
tests.  The  procedure  used  to  determine  the  percentage  of  fill  and  scour 
is  discussed  in  paragraph  136.  The  same  data  are  presented  in  bar  graph 
form  in  Plates  123-126. 

IU9.  The  differences  between  the  results  of  tests  1966-1  and 

1966-2  (Plate  119)  were  determined  by  the  same  procedure  used  for  the 

two  base  tests  (see  paragraph  129).  In  general,  the  comments  presented 

>  .  about  the  base  test  data  (paragraphs  126  and  127)  also  apply  to  the 

1  1966  tests.  The  data  indicate  that  scour  which  appears  for  small  areas 

'  to  be  more  for  one  test  resulted  in  increased  deposition  in  one  or  more 

1  of  the  small  areas  in  the  immediate  area. 

1 

150.  The  average  results  of  the  1966  tests  show  areas  of  signifi¬ 
cant  fill  along  Masonboro  Beach,  in  most  of  the  navigation  channel,  in 
the  deposition  basin,  between  the  deposition  basin  and  the  landward  half 
of  the  weir  section,  on  the  south  side  of  the  outer  end  of  the  jetty, 
and  from  the  seaward  edge  of  the  south  shoal  extending  cfue  east  to  the 
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Figure  37.  Comparison  of  prototype  fill  and  scour  with  model  shoaling 
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extension  of  the  navigation  channel  alignment.  Areas  of  significant 
scour  occurred  in  the  throat,  between  the  channel  and  the  deposition 
basin,  between  the  channel  and  the  outer  leg  of  the  jetty,  on  the  south 
shoal,  and  offshore  of  Wrightsville  Beach  at  the  weir  section  of  the 
jetty.  In  general  terms,  these  scour  and  fill  patterns  are  very  similar 
to  those  of  the  1964  plan  tests  (Plate  108). 

151.  The  differences  between  the  average  1964  plan  tests  and  the 
jiverage  19oo  tests  (Plate  121)  were  determined  by  subtracting  the  1964 
plan  results  from  the  1966  results.  At  the  throat  of  the  inlet,  the 
19o4  tests  overemphasised  the  trend  for  deepening  and  reducing  the  width 
of  the  gorge  compared  with  the  1906  results.  Along  Masonboro  Beach,  the 
19oo  tests  showed  much  less  fill.  On  the  south  shoal,  the  1966  tests 
showed  considerably  less  scour  or,  in  a  few  blocks,  reversal  from  scour 
to  fill.  As  the  depths  of  the  shoal  increased  (to  the  south),  the  i960 
data  showed  a  trend  for  increased  scorn-  or  reversal  from  fill  to  scour. 
The  l-Kio  test  data  for  the  ocean  end  of  the  south  shoal  show  considerably 
more  fill  (elongation  of  the  shoal).  In  the  navigation  channel ,  the 
I960  data  showed  more  fill  in  the  deeper  portion  of  the  cut  through  the 
bar  (blocks  26,  J4A,  and  3°)  with  less  fill  or  more  scour  at  the  inner 
end  of  the  channel.  The  19oo  test  showed  more  filling  at  the  inner  end 
of  the  deposition  basin  but  less  filling  at  the  outer  end.  The  area 
(ridge)  between  the  outer  half  of  the  deposition  basin  and  the  naviga¬ 
tion  channel  and  the  area  between  the  channel  and  the  jetty  seaward  of 
the  deposit. ion  basin  were  distinctly  areas  of  more  scour  for  the  i960 
results.  Near  the  outer  end  of  the  Jetty,  however ,  the  i960  test  data 
allowed  a  relatively  small  area  (blocks  4l  and  43)  with  more  fill  or 
a  reversal  from  scour  to  fill.  Along  the  northeast  side  of  the  jetty, 
the  1000  test  data  showed  more  scour  or  reversal  from  fill  to  scour  near 
Wrightsville  Beach  and  at  the  outer  end  of  the  jetty,  whereas  loss  scour 
or  reversal  from  scour  to  fill  occurred  at  the  bend  in  the  Jetty. 
Oceanward  from  these  areas,  the  movement  of  material  was  minimal  (see 
Plates  106  and  120). 

L  >2.  Ke. -ults  of  percentage  of  total  fill  or  scour  on  a  unit  area 
basis  for  the  l‘;o4  plan  and  l.'H'o  test  data  (Plate  122)  show  that  the 
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areas  of  most  significant  deviation  between  the  two  tests  were  the  tip 
of  Masonboro  Beach,  the  seaward  tip  of  the  south  shoal,  the  area  between 
the  channel  and  the  outer  half  of  the  basin,  the  area  just  north  of  the 
channel  and  seaward  of  the  basin,  and  a  short  section  of  channel  adjacent 
to  the  outer  end  of  the  basin  (all  of  which  indicated  greater  depths 
for  1966  conditions),  and  the  south  shoal,  the  areas  just  south  of  the 
inner  end  of  the  channel,  and  two  isolated  sections  of  the  navigation 
channel  (all  of  which  indicated  lesser  depths  for  19 66  conditions). 

Discussion  of  1964  Plan  Predictions 

153.  Predictions  based  on  the  results  of  the  tests  with  the  19l4 
hydrography  with  and  without  the  plan  installed  are  presented  in  para¬ 
graphs  144  and  145.  In  general,  the  results  of  the  tests  with  the  i960 
hydrography  installed  in  the  model  confirm  these  predictions  or  show 
that  the  1964  results  are  conservative. 

154.  Results  of  the  fill  and  scour  tests  show: 

a.  The  1966  tests  indicate  the  bayward  portion  of  the 

deposition  basin  receives  more  of  the  material  than  was 
indicated  by  the  1964  plan  tests  and  less  material  for 
the  oceanward  end.  Both  conditions,  however,  indicated 
filling  throughout  the  basin.  The  1966  tests  indicate 
lesser  depths  in  the  outer  half  of  the  navigation  chan¬ 
nel  and  greater  depths  in  the  inner  half  ^han  the  1964 
plan  tests.  Both  conditions,  however,  show  scour  in 
the  inner  one  third  of  the  channel  and  fill  in  the  cuter 
two  thirds. 

b_.  The  1966  data  showed  a  significantly  more  pronounced 
scour  pattern  than  the  1964  plan  data  in  the  area  be¬ 
tween  the  navigation  channel  and  the  deposition  basin 
with  a  transition  to  a  pronounced  fill  (rather  than 
continued  scour)  along  the  outer  end  of  the  jetty. 

£.  The  1966  data  compared  with  the  1964  plan  data  show  a 
more  pronounced  trend  for  the  south  shoal  located 
oceanward  from  Masonboro  Beach  to  elongate. 

d_.  The  1966  data  show  less  of  an  emphasis  for  the  throat 
to  increase  in  depth  and  more  of  a  trend  to  increase 
in  width  when  compared  with  the  1964  data. 

155-  It  is  g"neraliy  concluded  that  the  fill  and  scour  tests 
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tended  to  be  more  conservative  when  the  1964  hydrography  was  used  than 
for  the  tests  with  the  1966  hydrography. 

156.  Based  on  the  analysis  of  the  data  resulting  from  the  fill  and 
scour  tests,  predictions  for  the  period  after  19 66  for  the  inlet  are: 

a^.  The  entire  deposition  basin  will  fill  but  at  a  lower 
rate  in  the  oceanward  end. 

b.  The  navigation  channel  will  scour  in  the  area  im¬ 
mediately  oceanward  from  the  throat  and  fill  in  the 
outer  portions. 

c_.  The  channel  can  be  expected  to  shift  to  the  areas  be¬ 
tween  the  existing  navigation  channel  and  the  deposition 
basin  and  between  the  navigation  channel  and  the  jetty 
in  the  area  farther  oceanward.  Near  the  end  of  the 
jetty,  fill  between  the  Jetty  and  the  navigation  channel 
is  predicted. 

d.  The  south  shoal  can  be  expected  to  elongate. 

e.  The  throat  can  be  expected  to  move  toward  Wrightsville 
Beach.  This  is  contrary  to  the  prediction  for  this 
area  based  on  hydraulic  test  results. 


157-  The  data  indicate: 

a.  The  navigation  channel  can  be  expected  to  migrate  closer 
to  the  jetty. 

b^.  The  south  shoal  can  be  expected  to  elongate. 

Comparison  of  Model  Predictions  with  Prototype  Data 

Prototype  data 

j  158.  This  section  contains  an  evaluation  of  the  list  of  predic¬ 

tions  based  on  the  1966  tests  as  outlined  in  paragraphs  156  and  157  and 
^  generally  of  the  1964  plan  predictions,  since  the  1966  and  1964  plan 

results  were  very  similar.  Prototype  velocity  and  tidal  data  were 
jj  collected  in  September  1969  and  semiannual  bathymetric  surveys  were  made 

'  after  construction  of  the  project  so  that  hydraulic  and  shoaling  test 

predictions  could  be  inspected. 

General  trends 

159-  An  examination  of  the  1969  bathymetry  in  Figure  2a  when  com¬ 
pared  with  the  1966  bathymetry  in  Figure  37  indicates  that  the  general 
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fill  in  the  outer  portion  (blocks  28,  3**,  39,  and.  21)  following  the  pre¬ 
diction  in  156b.  In  paragraph  156^  it  was  said  that  the  channel  would 
shift  toward  the  jetty.  Agreement  with  the  prototype  to  this  effect  is 
shown  in  blocks  16,  20,  29,  31,  32,  40,  and  42.  Blocks  4l  and  43  of  the 
model  indicate  fill  compared  with  prototype  scour,  but  oceanward  of  this 
location,  agreement  is  again  seen  in  blocks  50  and  51 •  Figure  38  shows 
shifting  of  the  channel  by  the  location  of  the  15-ft  contours  (compare 
with  Figure  37)*  Also,  the  prediction  of  shoal  elongation  in  para¬ 
graph  156d  can  be  seen  in  Figure  38  when  compared  with  the  1966  condi¬ 
tion  in  Figure  37*  There  is  no  noticeable  movement  of  the  inlet  throat 
toward  Wrightsville  Beach  as  predicted  by  the  tests  and  stated  in  para¬ 
graph  156e^,  but  the  fill  areas  of  blocks  9,  10,  3,  and  106  (Figure  38b) 
in  the  prototype  indicate  a  trend  for  pushing  the  throat  toward  Wrights¬ 
ville  Beach,  though  6,  6a,  and  7  also  show  fill  along  the  Wrightsville 
Beach  side. 

Summary 

162.  The  1966  predictions  are  substantiated  by  prototype  fill  and 
scour  trends.  Motion  pictures  were  of  significant  value  in  analysis  of 
the  fill  and  scour  test  results,  and  movies  should  be  obtained  for  all 
tests . 


Conclusions 

163.  Comments  concerning  interpretation  of  sedimentation  test 
results  are: 

The  fill  and  scour  tests  did  show  a  trend,  near  the  navi¬ 
gation  channel  and  throat  of  the  inlet,  for  material  to 
accumulate  at  the  base  of  steep  slopes.  The  reduction  of 
the  model  distortion  to  a  lower  value  than  the  5=1  dis¬ 
tortion  used  in  this  study  would  appear  to  improve  the 
results  of  fill  and  scour  tests  in  areas  of  steep  slopes. 

b.  It  was  noted  in  this  and  other  model  studies  that  the 

steepened  side  slopes  of  navigation  channels,  deposition 
basins,  etc.,  resulting  from  model  scale  distortion  can 


apparently  adversely  affect  the  results  of  a  fixed-bed 
model  sedimentation  test.  It  may  be  beneficial  to  con¬ 
duct  investigations  to  determine  if  it  is  feasible,  or 
necessary,  to  adjust  slopes  in  such  areas  to  achieve 
better  simulation  of  scour  and  fill  characteristics. 

c_.  As  plans  of  improvement  are  installed  in  the  model,  un¬ 
realistic  ridges  and  simulation  of  dredging  required  in 
the  prototype  to  get  into  an  isolated  area  such  as  a 
deposition  basin  must  be  considered  to  achieve  adequate 
simulation  of  proposed  changes  to  the  inlet . 

d.  In  the  course  of  the  development  of  the  size  and  shape 
of  the  grid  to  be  used  for  fill  and  scour  tests,  con¬ 
sideration  of  possible  areas  of  significant  fill  and 
scour  as  the  result  of  possible  additions  or  changes  to 
the  model  should  be  defined  as  well  as  possible.  This 
is  necessary  to  avoid  difficulty  in  evaluating  test 
results  for  blocks  that  experience  scour  in  one  part 
and  fill  in  the  other  part.  It  may  be  necessary  to  con¬ 
duct  one  or  more  preliminary  tests  before  finalizing 
the  grid  system.  This  information  should  then  be  used 
to  establish  small  blocks  in  critical  areas,  especially 
where  substantial  scour  is  expected  for  future  tests. 

The  grid  system  also  should  be  designed  around  scour 
and  fill  areas  for  verification  conditions. 

£.  The  grid  system  for  scour  and  fill  tests  should  be 

larger  than  the  model  test  area  in  order  to  provide  a 
source  of  sediments  to  the  perimeter  of  the  test  area. 
Changes  in  the  amount  of  material  in  the  area  located 
outside  the  test  area  should  be  determined  at  the  con¬ 
clusion  of  the  tests;  however,  these  data  should  not  be 
considered  in  analysis  of  the  test  area. 

164.  Comments  on  model  predictions  are: 

a.  When  significant  bed  changes  to  the  inlet  are  predicted 
based  on  the  results  of  fixed-bed  model  tests ,  it  should 
be  emphasized  that  the  predictions  are  short  term  in 
nature.  After  the  relatively  short  period  of  time 
necessary  to  effect  such  changes  in  the  field,  subse¬ 
quent  changes  could  be  quite  different  than  the  short¬ 
term  predictions. 

b.  When  model  results  indicate  major  scour  or  fill,  it 
would  be  quite  beneficial  to  modify  the  bed  of  the  model 
and  conduct  another  test  with  these  major  changes  incor¬ 
porated  in  the  model.  This  should  provide  better  infor¬ 
mation  on  the  intermediate-  to  long-term  changes. 

165.  A  second  objective  of  the  study  was  to  define  the  effective¬ 
ness  of  distorted-scale,  fixed-bed  models  in  predicting  fill  and  scour 


changes  to  an  inlet  when  significant  artificial  changes  are  made  to  the 
inlet.  This  purpose  was  achieved.  The  fill  and  scour  tests  and  hy¬ 
draulic  tests  were  quite  effective  in  allowing  short-term  fill  and  scour 
trends  to  be  predicted  qualitatively.  However,  major  changes  in  hydrog¬ 
raphy  again  preclude  quantitative  long-range  predictions. 


Recommendations 


166.  Based  on  the  results  of  the  study,  recommendations  concern¬ 
ing  model  tests  of  inlets  to  evaluate  basic  plans  of  improvement  are: 

a.  Fixed-bed,  distorted-scale  models  should  be  used  where 
economically  justified  to  evaluate  the  changes  in  hy¬ 
draulics  that  result  from  possible  plans  of  improvement. 
Although  this  investigation  considered  only  a  single- 
jettied  system,  this  recommendation  also  is  valid  for 
dual -jetty  systems. 

b.  Fill  and  scour  tests  should  be  used  to  develop  data  for 
short-term  predictions  of  hydrographic  changes  to  an 
inlet;  however,  care  should  be  taken  in  attempting  to 
project  the  predictions  of  extensive  changes  over  a  long 
period  of  time. 
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BCC  =  Banks  Channel  closed. 

SCC  =  Shinn  Creek  closed. 

MCC  =  Masonboro  Channel  closed. 

Tide  gage  oceanward  of  barrier  location 
Tide  gage  bayward  of  barrier  location. 


Table  2 

Phase  Changes  in  Tidal  Height  Data 


*  BCC  =  Banks  Channel  closed. 

**  SCC  =  Shinn  Creek  closed. 

t  MCC  =  Masonboro  Channel  closed, 
ft  Tide  gage  oceanward  of  barrier  location 
t  Tide  gage  bayvard  of  barrier  location. 
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Table  3 

Maximum  Velocities  at  Ranges  1-5 


Maximum  Flood  Velocities, 

fps 

Maximum  Ebb  Velocities. 

fps 

Station 

Depth 

Base 

BCC* 

see** 

MCCt 

Base 

BCC 

SCC 

MCC 

Range  1 

• 

H 

Surface 

1.2 

0.9 

0.7 

1.0 

2.8 

3.0 

2.7 

2.7 

Bottom 

1.0 

0.7 

0.5 

1.0 

2.5 

2.3 

2.8 

2.5 

C 

Surface 

1.6 

l.U 

1.3 

1.5 

2.6 

2.6 

2.3 

2.7 

Middepth 

l.U 

l.U 

1.2 

1.6 

2.1 

2.2 

2.U 

2.0 

* 

Bottom 

1.3 

0.6 

0.U 

1.2 

2.7 

2.U 

1.9 

2.U 

s 

Surface 

1.9 

1.7 

1.6 

2.0 

3.8 

3.1 

3.5 

U.o 

Middepth 

1.8 

1.5 

1.5 

1.7 

3.5 

2.8 

2.U 

3-5 

Bottom 

l.U 

1.2 

0.9 

1.1 

3.2 

2.1 

1.8 

2.6 

Ranee  2 

N 

Surface 

3.1 

2.6 

3.1 

2.9 

1.3 

3.2 

1.2 

1.0 

Middepth 

3.2 

2.7 

2.7 

2.7 

2.3 

2.8 

1.2 

1.6 

Bottom 

2.8 

2.5 

2.9 

2.6 

2.7 

2.7 

1.2 

2.1* 

C 

Surface 

3.U 

2.3 

2.9 

2.7 

U.O 

2.5 

2.9 

3.6 

Middepth 

3.0 

2.3 

2.5 

2.5 

3.7 

2.1 

2.8 

3.3 

Bottom 

2.  U 

1.8 

2.2 

2.U 

3.3 

2.2 

2.6 

3.3 

s 

Surface 

2.5 

1.9 

1.8 

1.5 

3.8 

2.U 

U.O 

U.l 

Middepth 

2.U 

1.8 

l.U 

1.8 

3.2 

2.  U 

3.5 

U.O 

Bottom 

2.0 

1.8 

1.6 

2.0 

3.8 

2.2 

3.1 

3.0 

Ranee  3 

N 

Surface 

2.3 

2.8 

_ 

3.1 

2.3 

3.7 

— 

2.6 

Middepth 

1.9 

2.6 

— 

2.7 

1.9 

2.2 

— 

2.0 

Bottom 

1.6 

2.5 

— 

1.8 

l.U 

2.U 

— 

1.7 

C 

Surface 

2.1 

2.6 

— 

2.U 

1.7 

3.0 

— 

2.0 

Middepth 

1.9 

2.5 

— 

2.U 

1.5 

2.U 

— 

1-9 

Bottom 

1.8 

2.6 

— 

2.5 

1.5 

2.2 

1.6 

S 

Middepth 

1.9 

2.7 

— 

2.2 

1.3 

2.0 

— 

1.7 

Ranee  U 

E 

Surface 

1.0 

_ 

1.5 

1.0 

1.9 

— 

2.6 

2.6 

Middepth 

0.8 

— 

1.2 

0.8 

1.9 

— 

2.3 

2.1 

Bottom 

0.5 

— 

1.0 

o.6 

2.0 

— 

2.U 

2.2 

C 

Surface 

l.U 

_ 

2.2 

1.6 

1.6 

— 

2.1 

1.7 

Middepth 

1.1 

— 

1.7 

1.6 

l.U 

— 

1.8 

1.5 

Bottom 

1.0 

— 

1.5 

1.2 

1.2 

— 

1.6 

1.6 

W 

Surface 

2.1 

_ 

1.8 

1.7 

l.U 

— 

2.3 

1.6 

Middepth 

1.6 

— 

1.6 

1.6 

1.0 

— 

1.7 

1.3 

Bottom 

l.U 

— 

1.3 

1.5 

0.9 

1.5 

1.1 

Ranee  5 

E 

Surface 

2.0 

2.3 

2.8 

— 

2.9 

3.5 

2.8 

— 

C 

Surface 

2.1 

2.5 

2.6 

— 

2.7 

3.3 

3.1 

— 

W 

Surface 

2.0 

2.3 

2.3 

— 

2.8 

3.  U 

3.2 

— 

*  BCC  =  Banks  Channel  closed. 

**  SCC  =  Shinn  Creek  closed. 

+  MCC  =  Masonboro  Channel  closed 


Flov  Volumes*  (in  millions  of  cubic  feet)  and 
Percent  Change  from  the  Base  Condition 


Percent 

Percent 

Percent 

«e  Base 

BCC 

Change 

see 

Change 

Change 

566 

449 

-21 

452 

-20 

477 

-16 

299 

+49 

— 

— 

251 

+25 

24l 

— 

— 

3^2 

+42 

268 

+11 

l6l 

167 

+1+ 

181 

+12 

— 

— 

Average  of  flood  and  ebb  flow  volumes 


» • 


Slack  Lag  from  Slack  Lag  from 

Time  of  HW  Slack  Time  of  LW  Slack  Ocean  HW*  Ocean  LW** 


in  Inlet 

in  Inlet 

hr 

hr 

Base 

8.75 

2.26 

1.50 

1.51 

BCC+ 

9.08 

3.06 

1.83 

2.3.* ** 

scctt 

8.9I* 

2.98 

1.69 

2.23 

MCCJ 

8.98 

2.1*6 

1.73 

1.71 

Duration  of 
Ebb  Flow 

Duration  of 
Flood  Flow 

Ef 

G 

e 

Kf 

K 

e 

K 

avg 

Base 

5-93 

6.1*9 

l*1.6°tt 

1*5.8° 

0.78 

0.70 

0.71* 

BCC 

6.1*0 

6.02 

5U.  7° 

65.0° 

0.55 

0.36 

0.1*6 

SCC 

6.1*6 

5.96 

51.0° 

62.1° 

0.6l 

0.1*3 

0.51 

MCC 

5.91 

6.51 

1*7.8° 

52.1° 

0.67 

0.59 

C.63 

*  Time  of  ocean  high  water  =  7.25. 

**  Time  of  ocean  low  water  =  0.75. 

t  BCC  =  Banks  Channel  closed. 

++  SCC  =  Shinn  Creek  closed, 
t  MCC  =  Masonboro  Channel  closed. 

Sample  calculation:  1.50/6. 1*9  *  180°  =  1*1.6°. 


101* 


•  i- 


W  VD  4  ON 

LA  CO  -=t  on 

o  o  o  o 

o  o  o  o 

o  o  o  o 


CO  W  h  vo 

00  V£)  LA  t— 

o  o  o  o 

o  o  o  o 

o  o  o  o 


on  co 
on  h 


IrH  03  cd  ^ 
CO  0)  > 


LA 

LA 

on 

o 

r-f 

rH 

C\J 

CM 

O 

O 

o 

o 

LA  LA 
H  O 


LA 

LA 

LA 

o 

w  y>  h 

CM 

on 

on 

■ 

• 

15  ° 

O 

o 

o 

Q)  * 

W  O 

03  O 

«  m 


*  BCC  =  Banks  Channel  closed. 

**  SCC  =  Shinn  Creek  closed. 

+  MCC  =  Masonboro  Channel  closed 


Table  10 


l  Tidal  Data 


Tide 

Range,  ft 

Mean  Tide  Level 
ft  msl 

Gage 

Base* 

Plan  1** 

Plan  2t 

Plan  3++ 

Base 

Plan  1 

Plan  2 

Plan  3 

1 

3.7 

3.6 

3.6 

3.7 

+0.08 

-0.07 

-0.10 

+0.06 

B 

i 

3.7 

3.6 

3.7 

3.6 

-0.04 

-0.09 

-0.02 

+0.04 

;  2 
a 

3.6 

3.4 

3.5 

3.4 

+0.06 

-0.11 

-0.02 

+0.08 

i 

1  3 

) 

3.5 

3.4 

3.4 

3.5 

-0.06 

0.00 

+0.07 

+0.12 

I  U 

3.4 

3.4 

3.5 

3.4 

+0.01 

+0.03 

+0.05 

+0.11 

f  5 

3.4 

3.3 

3.2 

3.5 

+0.12 

+0.11 

+0.13 

+0.17 

6 

3.4 

3.4 

3.4 

3.4 

+0.09 

+0.07 

+0.24 

+0.27 

E 

3.4 

3.3 

3.4 

3.4 

+0.12 

+0.08 

+0.15 

+0.27 

Avg 

3.51 

3.43 

3.46 

3.49 

+0.05 

0.00 

+0.06 

+0.14 

t 


i 

I 


*  Base  =  natural  1973  model  condition  (including  north  weir  jetty). 

**  Plan  1  =  base  plus  south  jetty  (no  weir  on  south  jetty). 

+  Plan  2  =  base  plus  south  jetty  with  a  +2.0  mlw  weir, 

ft  Plan  3  =  north  and  south  jetties  with  0.0  mlw  weirs. 
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Table  11 

Change  of  Mean  Tide  Levels  from  Base 
Condition  in  Feet  Above  msl 


Gage 

Plan  1* 

Plan  2** 

Plan  3+ 

1 

-0.15 

-0.18 

-0.02 

B 

-0.05 

+0.02 

+0.08 

2 

-0.17 

-0.08 

+0.02 

3 

+0.06 

+0.13 

+0.18 

1+ 

+0.02 

+o.oi» 

+0.10 

5 

-0.01 

+0.01 

+0.05 

6 

-0.02 

+0.15 

+0.18 

E 

-o.oU 

+0.07 

+0.15 

*  Plan  1  =  base  plus  south  jetty  (no 
weir  on  south  jetty). 

**  Plan  2  =  base  plus  south  jetty  with  a 
+2.0  mlw  weir. 

t  Plan  3  =  north  and  south  jetties  with 
0.0  mlw  weirs. 
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Table  12 

K  Value  for  Weir  Jetties  Test  by  the  Current-Slack  Method 


Time  of 
HW  Slack 
in  Inlet 

Time  of 
LW  Slack 
in  Inlet 

Slack  Lag 
from  Ocean 
HW*.  hr 

Slack  Lag 
from  Ocean 
LW**,  hr 

Avg 

Lag 

hr 

e  t 
avg 

^avg. 

Base+t 

8.75 

2.26 

1.50 

1.51 

1.505 

1*3.6° 

0.71* 

Plan  It 

8.7** 

2.27 

1.1*9 

1.52 

1.505 

1*3.6° 

0.7I* 

Plan  2tt 

8.78 

2.31 

1.53 

1.56 

1.5U5 

1*1*.  8° 

0.72 

Plan  3§ 

8.80 

2.3** 

1.55 

1.59 

1.57 

1+5.5° 

0.70 

* 

ftft 

+ 

tt 

t 

tt 

§ 


l8o°. 


Time  of  ocean  high  water  =  7.25. 

Time  of  ocean  low  water  =  0.75. 

_  avg  lag  time  (hr) 
eavg  ”  1/2  tidal  cycle  (o.21  hr) 

Base  =  natural  1973  model  condition  (including  north  weir  jetty), 
Plan  1  =  base  plus  south  jetty  (no  weir  on  south  jetty). 

Plan  2  =  base  plus  south  jetty  with  a  +2.0  mlw  weir. 

Plan  3  =  north  and  south  jetties  with  0.00  mlw  weirs. 
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Table  13 

Scour  and  Fill  Verification  Tan ts.  1969  Condition* 
Tidal  Wav*  Period.  1:38.76.  Vlad  Have  Period.  1:7.75 


3 

6 

i 

Tidal 

Teet 

Have 

Here  Ifechine 

twration  of 

Ueed 

Range 

Mean  Place 

Duration 

Period 

Operation 

Operation 

Teet 

Specific 

Proto 

Proto 

in  Tidal 

Wave 

Proto 

Have 

Partial 

Pull 

Model 

■o. 

Gravity 

ft 

ft  *al 

Cycles 

Direction 

sec 

Height 

3.0 

Tine 

Tine 

sec 

Remarks 

1 

■etur elite 

3.8 

0.0 

8 

Sl6*t 

7.4 

X 

9,224 

(1.7) 

2 

■aturalite 

3.8 

0.0 

8 

■84** 

7.4 

3.0 

X 

9,224 

Ssae  as  test  1  except  for  neve 

(1.7) 

direction 

3 

■aturalite 

3.8 

0.0 

8 

856°! 

7.6 

3.0 

X 

9,226 

8sne  as  teet  1  except  for  nave 

(1.7) 

direction 

k 

■aturalite 

6.1 

0.0 

8 

856'* 

7.4 

3.0 

X 

9,22*4 

Base  aa  test  3  except  tide 

(1.7) 

range  increased 

5 

■aturalite 

6.1 

-1.0 

8 

858*1 

7.4 

3.0 

X 

9,224 

Sastt  as  test  4  except  aean 

(1.7) 

tidal  plane  lowered 

6,  7,  8 

South  Jetty  tests — emitted  froa 

this  report 

9 

Plaatic 

3.8 

0.0 

6 

— 

— 

_ 

_ 

_ 

Studying  velocity  effects  on 

(1.18) 

Material  Movement 

10 

Plaatic 

*.5 

0.0 

6 

— 

__ 

__ 

__ 

— 

_ 

Base  as  test  9  except  tide 

(1.18) 

range  increased 

11 

Plastic 

4.5 

0.0 

6 

■84*i 

15 

1.5 

X 

520 

*84°*  wave  nachine  operated 

(1.18) 

n6»i 

10 

2.0 

X 

260 

10  sec  each  prototype  hour  for 

2  cycles  then  Sl6®S  wave  aa- 

chine  operated  next  cycle  in 

sane  way.  Repeat  above  once 

after  first  3  cycles 

12 

Plastic 

4.5 

0.0 

6 

■81*1 

15 

1.5 

X 

260 

Sl6®K  wave  Machine  operated 

(1.18) 

4.5 

816“! 

10 

2.0 

X 

520 

10  sec  each  prototype  hour  for 

2  cycles  then  *B4®E  wave  ■*- 

chine  operated  next  cycle  in 

saae  way.  Repeat  above  once 

after  first  3  cycles 

13 

Plastic 

4.5 

0.0 

6 

■84®e 

5.8 

2.0 

X 

520 

Sane  as  test  11  except  using 

(1.18) 

si6®* 

7.5 

1.0 

X 

260 

shorter  wave  periods 

14 

Plastic 

4.5 

0.0 

6 

■84  ®K 

5.8 

2.0 

X 

260 

Sane  as  test  12  except  using 

(1.18) 

3l6“l 

7.5 

1.0 

X 

520 

shorter  wave  periods 

15 

Plastic 

4.5 

0.0 

6 

186*1 

5.8 

2.0 

X 

260 

Saae  as  test  14  checking 

(1.18) 

Sl6*I 

7.5 

1.0 

X 

520 

repeatability  of  tests 

16 

Plastic 

4-5 

0.0 

6 

*84  °* 

5.8 

2.0 

X 

1,040 

8ane  as  tests  14  and  15  except 

(1.18) 

Sl6“l 

7.5 

1.0 

X 

520 

duration  of  wave  burst  froa 
*84°*  wave  Machine  was  doubled 

in  duration  to  20  sec 

17 

Plastic 

4.5 

0.0 

6 

■84' 

5.8 

2.0 

X 

2,306 

Continuous  wave  action— first 

(1.18) 

816®* 

10.0 

2.0 

X 

6,612 

2  cycles  have  waves  froa  Sl6®E. 

*  Repeat  sequence  once  again 

18 

Plastic 

4.5 

0.0 

6 

■84®* 

5.8 

2.0 

X 

2,306 

Sane  as  test  17  except  Sl6°S 

(1.18) 

316*1 

10.0 

1.0 

X 

4,612 

wave  reduced  to  l.O-ft  height 

19 

Plastic 

4.5 

0.0 

6 

■84  •>! 

9.0 

1.5 

X 

2.306 

Have  sequence  sane  as  tests  17 

(i.i«) 

816*1 

10.0 

1.5 

X 

4,612 

and  l8  north  wave:  period 
lengthened,  height  reduced. 

8outh  wave:  height  Increased 

20 

Plastic 

4.5 

0.0 

6 

8l6®* 

6.7 

2.0 

X 

6,918 

Using  only  1  wave  froa  south 

(1.18) 

21 

Plastic 

4.5 

0.0 

6 

*84  ®E 

6.7 

2.0 

X 

6,918 

Using  only  1  wave  froa  north 

(1.18) 

22 

Plastic 

4.5 

0.0 

6 

*84®* 

5.8 

2.0 

X 

1,153 

Malfunction  of  north  wave  aa- 

(1.18) 

Sl6®* 

10.0 

1.0 

X 

4,612 

chine  after  1st  cycle.  Test 

13.0 

1.0 

run  as  follows:  1st  cycle, 
*84®*  wave;  2nd  cycle,  816®* 
wave;  3rd  cycle,  no  wave;  4th, 
5th,  6th  cycles  used  Sl6®K 
wave  1-ft  height,  13-*ec  period 

23 

astic 

4.5 

0.0 

6 

■84°S 

5.8 

2.0 

X 

3,659 

1st  cycle  mve  froa  *84®*, 

(1.18) 

816®* 

10.0 

1.0 

X 

3.459 

2nd  cycle  wave  froa  81 6®*, 
then  repeat  the  ssae  2  tines 

24 

Plastic 

1.5 

0.0 

6 

■84  ®E 

5.8 

2.0 

X 

3.459 

Ssae  wave  sequence  as  test  23 

(1.18) 

4.5 

0.0 

6 

SI  6*1 

13.0 

1.25 

X 

3,659 

increased  period  froa  south. 
Feeding  plastic  at  beginning  of 
each  cycle  with  south  wave 

25 

Plastic 

4.5 

0.0 

6 

■84®* 

5.8 

2.0 

X 

3,459 

South  wave  period  reduced. 

(1.18) 

816®* 

10.0 

1.25 

X 

3,459 

Feeder  aaterlal  added  as  needed 

26 

Plastic 

4.5 

0.0 

6 

*84°1 

6.5 

2.0 

X 

3,659 

■orth  wave  period  Increased 

(i.i*) 

816®* 

10.0 

1.25 

X 

3.459 

27 

Plastic 

3.8 

0.0 

6 

*84®* 

6.5 

2.0 

X 

3,659 

Reduced  tide  range 

(1.18) 

816*1 

10.0 

1.25 

X 

3.659 

28 

Plastic 

3.8 

0.5 

6 

*84®* 

6.5 

2.0 

X 

3,659 

Raised  aean  tidal  plane 

(1.18) 

816*1 

10.0 

1.25 

X 

3,659 

0.5-ft  verification  achieved 

29 

Plastic 

3.8 

0.5 

6 

*84®* 

6.5 

2.0 

X 

3,459 

Repeat  of  teat  28 

(1.18) 

816®* 

10.0 

1.25 

X 

3,459 

30 

Plastic 

3.8 

0.5 

6 

*84®* 

6.5 

2.0 

X 

3,459 

Repeat  of  test  28 

(1.18) 

816®* 

10.0 

1.25 

X 

3,459 

Table  l4 


Percent 

Percent 

Percent 

Change 

Change 

Change 

Percent  : 

Fill 

Percent  Scour 

Test  28 

Test  28 

Test  29 

Block 

Test 

Test 

Test 

Test  Test 

Test 

to 

to 

to 

No. 

28 

2? 

30 

28 

-  _22_ 

30 

Test  29 

Test  30 

Test  30 

3 

4 

38 

30 

+34 

+26 

-8 

1* 

57 

89 

6l 

+32 

+4 

-28 

5 

1 

18 

8 

+9 

+26 

+17 

6 

21 

22 

44 

-1 

-23 

-22 

6a 

14 

29 

62 

+15 

+48 

+33 

7 

8 

13 

8 

-5 

NC 

+5 

8 

86 

126 

101 

+40 

+15 

-25 

9 

25 

3 

7 

-22 

-32 

-10 

10 

89 

100 

111 

+11 

+22 

+11 

11-11A 

5 

8 

2 

+3 

-7 

-10 

12 

45 

93 

111 

+48 

+66 

+18 

12A 

54 

57 

57 

-3 

-3 

NC 

13 

32 

6l 

50 

-29 

-18 

+11 

14 

89 

86 

95 

+3 

-6 

-9 

15 

26 

55 

1*9 

+29 

+23 

-6 

16 

NC 

NC 

1* 

NC 

NC 

NC 

+4 

+4 

17 

12 

17 

12 

+5 

NC 

-5 

18 

18 

16 

15 

+2 

+3 

+1 

19 

1 

3 

3 

-2 

-2 

NC 

20 

26 

20 

24 

-6 

-2 

+4 

21 

70 

66 

78 

+4 

-8 

-12 

22 

31 

29 

31 

+2 

NC 

-2 

23 

93 

79 

95 

-14 

+2 

+16 

24 

5 

6 

2 

+1 

-3 

-4 

25 

4 

3 

NC 

NC 

-1 

-4 

-3 

26 

6l 

6l 

87 

NC 

+26 

+26 

27 

44 

36 

37 

-8 

-7 

+1 

28 

98 

95 

95 

+3 

+3 

NC 

28A 

36 

36 

29 

NC 

+7 

+7 

29 

200 

191 

194 

-9 

-6 

+3 

30 

5 

10 

3 

-5 

+2 

+7 

31 

31 

l4 

40 

+17 

-9 

-26 

(Continued) 

Note: 

Percent 

fill 

or  scour 

is 

the  percentage 

change  of  material 

in  a 

given  block  from  the  amount  of  material  originally  placed  in  the 
block.  NC  denotes  no  change,  i.e.,  no  net  material  movement  in  a 
given  block. 


Table  lU  (Concluded) 


Percent 

Fill 

Percent  Scour 

Percent 
Change 
Test  28 
to 

Test  29 

Percent 
Change 
Test  28 
to 

Test  30 

Percent 
Change 
Test  29 
to 

Test  30 

Test 

28 

Test 

2? 

Test 

30 

Test 

28 

Test 

Test 

30 

95 

182 

138 

+87 

+1*3 

-1*1* 

1*6 

88 

81 

-1*2 

-35 

+7 

66 

72 

59 

-6 

+7 

+13 

2 

2 

1* 

NC 

+2 

+2 

35 

13 

15 

+22 

+20 

-2 

15 

1* 

9 

-11 

-6 

+5 

13 

11 

12 

-2 

-1 

+1 

8 

12 

17 

+1+ 

+9 

+5 

100 

99 

99 

+1 

+1 

NC 

19 

ll* 

U 

-5 

-15 

-10 

1* 

82 

55 

-78 

-51 

+27 

81* 

91* 

9b 

-10 

-10 

NC 

100 

100 

100 

NC 

NC 

NC 

100 

100 

100 

NC 

NC 

NC 

68 

58 

69 

+10 

-1 

-11 

2 

6 

7 

-1+ 

-5 

-1 

28 

20 

13 

+8 

+15 

+7 

2 

8 

15 

-6 

-13 

-7 

57 

73 

63 

-16 

-6 

+10 

100 

100 

100 

NC 

NC 

NC 

85 

78 

79 

+7 

+6 

-1 

2 

3 

7 

-9 

+1 

+10 

1*2 

36 

26 

-6 

-16 

-10 

67 

39 

1+7 

-28 

-20 

+8 

70 

79 

60 

-9 

+10 

+19 

331 

1*23 

385 

+92 

+5l* 

-38 

2 

3 

3 

+5 

+6 

+1 

7 

2 

3 

-5 

-1+ 

+1 

ll* 

3 

2 

-11 

-12 

-1 

18 

13 

11 

-5 

-7 

-2 

ll* 

16 

2l* 

-2 

-10 

-8 

28 

30 

33 

-2 

-5 

-3 

8 

10 

9 

-2 

-1 

+1 

31* 

33 

31 

+1 

1*2 

37 

1*2 

+5 

27 

20 

23 

+7 

9 

11 

7 

-2 

5 

NC 

2  Ul  227  2S0  -ll* 


+3 

NC 


+U 

+2 


+2 

-5 

-3 

+1* 

-7 

+2"? 


+2 


Table  15 

Comparisons  of  Percentages  of  Quantitative  Fill  and  Scour 
Model  with  Prototype 


.ock 

Prototype 

Model 

Block 

Prototype 

Model 

fo. 

Fill 

Scour 

Fill 

Scour 

Difference 

No. 

Fill 

Scour 

Fill 

Scour 

Difference 

1 

ft 

35 

0.9 

0.2 

0.7 

2 

« 

36 

1.9 

1.4 

0.5 

3 

• 

36A 

1.5 

0.7 

0.8 

4 

ft 

37 

0.7 

0.9 

0.2 

5 

5.6 

0.3 

5.3 

38 

1.6 

0.9 

0.7 

6 

7.1 

3.9 

3.2 

39 

1.6 

6.6 

5.0 

6a 

7.0 

2.6 

4.4 

40 

0.7 

0.9 

0.2 

7 

2.6 

0.6 

2.0 

4i 

5.0 

3.1 

1.9 

8 

5.9 

8.0 

2.1 

42 

1.7 

5.8 

4.1 

9 

* 

43 

5.7 

6.5 

0.8 

0 

• 

44 

1.8 

6.6 

4.8 

1 

• 

45 

0.6 

4.4 

5.0 

1A 

• 

46 

1.4 

0.3 

1.7 

2 

ft 

47 

1.5 

1.3 

2.8 

2A 

• 

48 

1.6 

0.6 

1.0 

3 

3.0 

3.2 

0.2 

49 

3.3 

4.4 

1.1 

4 

ft 

50 

10.3 

6.7 

3.6 

5 

8.6 

3.3 

5.3 

51 

7.7 

5.4 

2.3 

6 

It. 2 

0.1 

4.1 

52 

2.0 

0.0 

0.0 

2.0 

T 

7.2 

8.2 

52A 

3.1 

2.6 

5-7 

8 

2.0 

1.1 

0.9 

53 

9.2 

3.8 

5.4 

9 

3.2 

0.2 

3.0 

54 

4.0 

4.7 

0.7 

0 

1.9 

1.7 

0.2 

54A 

11.3 

29.3 

18.0 

1 

1.1 

1*.8 

5.9 

55 

U.5 

0.0 

0.0 

11.5 

2 

1.8 

2.0 

0.2 

56 

2.7 

0.4 

2.3 

3 

2.2 

6.8 

4.5 

57 

1.2 

0.5 

0.7 

1* 

1.6 

0.4 

1.2 

58 

0.7 

1.1 

0.4 

5 

1.3 

0.2 

1.1 

59 

1.4 

1.2 

0.2 

6 

1.7 

5.U 

3.7 

60 

1.4 

2.0 

0.6 

7 

1.0 

2.9 

3.9 

6l 

1.6 

0.6 

1.0 

8 

2.7 

6.4 

3.7 

62 

1.0 

2.2 

1.2 

8a 

1.7 

2.3 

4.0 

63 

ft 

9 

3.6 

15.1 

11.5 

63A 

ft 

0 

2.3 

1.9 

64 

ft 

1 

6.8 

1.9 

4.9 

64a 

ft 

2 

6.0 

10.5 

4.5 

65 

ft 

3 

4.1 

4.8 

0.7 

66 

ft 

1* 

3.1 

4.4 

1.3 

67 

ft 

*  Not  quantitatively  comparable 
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Not*:  Plan  3  data  mc.'rect  due  to  velocity  aeter  failure 


r*0-A068  761  ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION  VICKSBURG  MS 
supplementary  TESTS  FOR  masonboro  INLET  FIXED-BED  MODEL. 
may  bo  w  c  seabergh.  r  a  Sager 

UNCLASSIFIED  WES-GITI-18 


F/G  8/3 
HYDRAU— ETC(U) 

NL 


PROTOTYPE 
SCOUR  AND  FILL 
SFP  1969  .  AUG  1971 


r^r i?N  PERCENT  FILL  ANO  SCOUR 

TEST  14 


PERCENT  SCOUR  AND  FILL 
TEST  20 


PLATE  105  PLATE  106 


yyvw 


U.  3 

Ul°ol 

<S5  S 
£2<*3 
B>2'? 

a  <2  3 

*3S  = 

5£<P 

u  J«U 

yjJ*- 
u  “s  JU 

IL  v  UJ  v 

St  I1-  2 
°S  s 
«/>  2 


<  x 

u  o 

ft  ft 


z  z 

*  u 
o  a 


LU 

< 

-J 

a. 


1964  BASE  VS  1964  PUN 
PERCENT  OF  TOTAL 
FILL  OR  SCOUR 


IMA  PLAN  VS  IMA 
PMCBIT  OF  TOTAL 
FILL  OR  SCOUR 


APPENDIX  A:  PHYSICAL  CHARACTERISTICS  OF 
SHOALING  TEST  MATERIALS 
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1.  Throughout  the  Masonhoro  Inlet  fixed-bed  model  shoaling 
studies,  four  materials  were  used:  sand  (sp  gr  =  2.65),  expanded  shale 
(sp  gr  =  2.1),  naturalite  (a  ground  pumice,  sp  gr  =  1.17),  and  plastic 
(Tenite  butyrate,  sp  gr  =  1.18).  Test  procedures  to  define  the  physical 
parameters  are  discussed  in  the  subsequent  two  paragraphs. 


Test  Procedures 


2.  The  angle  of  repose  was  measured  by  means  of  a  clear  plastic 
box,  30  cm  on  a  side.  The  material  was  first  stirred  to  assure  a  uni¬ 
form  mixture  of  particle  sizes,  then  submerged  in  water  and  molded  into 
one  half  of  a  cone  against  one  side  of  the  box.  Material  at  the  base  of 
the  cone  was  pulled  away  so  that  the  material  in  the  cone  could  stabi¬ 
lize  at  the  steepest  slope  possible.  The  angle  between  the  horizontal 
plane  and  the  side  of  the  cone  (Plate  Al)  was  then  measured.  This  pro¬ 
cedure  was  repeated  four  times  for  each  material.  A  summary  of  the 
measured  angles  is  shown  in  Plate  Al. 

3.  The  fall  velocity  measurements  were  completed  using  a  2000-ml 
graduated  cylinder  rfhich  is  8  cm  in  diameter  and  U8  cm  deep.  Ideally, 
a  larger  diameter  and  taller  vessel  is  needed  for  the  larger  particle 
sizes;  but  since  most  of  the  materials  were  of  relatively  small  dimen¬ 
sions,  the  graduated  cylinder  was  used.  The  fall  velocities  are  stan¬ 
dard  fall  velocities,  i.e.,  standard  conditions  were  maintained,  the 
medium  being  quiescent  distilled  water  at  2h°C.  Velocities  were  mea¬ 
sured  over  a  distance  of  29.25  cm,  and  the  timing  device  was  an  electric 
timer  reading  to  hundredths  of  a  second.  An  individual  piece  of  mate¬ 
rial  was  held  with  tweezers,  submerged  in  the  water,  shaken  to  assure 
that  no  air  bubbles  were  attached,  and  then  released.  A  check  of  the 
system  was  made  with  the  sand  sample  of  0.25-mm-diam  grain  size  and  com¬ 
pared  with  the  fall  velocity  as  determined  from  a  curve  developed  by 
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Rouse.  Velocities  compared  within  0.2  cm/sec.  Results  of  the  fall 
velocity  measurements  are  shown  in  Plate  A2. 

Test  Results 

4.  The  sand  tested  was  similar  to  that  used  in  the  Model  Materials 
Evaluation  program.  Fall  velocity  versus  sand  diameter  curves  have  been 
completed  previously  by  others,  and  one  such  curve  (for  2U°C,  interpo¬ 
lated  from  Rouse's  curves)  has  been  plotted  in  Plate  A2.  There  are  also 
particle  diameter  versus  angle  of  repose  curves  for  sand  by  the  U.  S. 
Bureau  of  Reclamation  (USBR).  The  measured  angle  of  repose  for  the  WES 
sand  was  31  degrees.  This  agreed  closely  with  the  angle  of  repose  ob¬ 
tained  by  the  USBR  for  moderately  angular  to  very  angular  shaped  sand. 

An  examination  of  the  WES  sand  showed  the  material  to  be  angular;  the 
gradation  curve  of  the  sand  is  shown  in  Plate  A3. 

5.  The  expanded  shale  was  a  moderately  rounded  material,  varying 
in  size  from  0.15  to  k  mm,  with  a  mean  size  of  approximately  1  mm.  The 
gradation  curve  is  shown  in  Plate  Ah.  Data  points  for  fall  velocities 
fell  in  a  relatively  smooth  curve.  The  angle  of  repose  was  33  degrees. 

6.  Naturalite  is  a  very  angular  material,  and  this  most  likely 
accounts  for  the  scatter  of  fall  velocity  data  points.  No  attempt  was 
made  to  classify  the  fall  velocities  by  shape  factors  (shape  factor, 

S.F.,  is  equal  to  the  length  of  the  shortest  of  three  mutually  perpen¬ 
dicular  axes ,  divided  by  the  square  root  of  the  product  of  the  length 
of  the  other  two  axes,  i.e.,  S.F.  =  c/»/ab).  Shape  factors  varied  from 
O.h  to  0.9  for  some  of  the  larger  sized  particles.  The  mean  size  for 
this  material  was  approximately  0.7  mm,  with  sizes  ranging  from  almost 
a  powder  to  it  mm;  the  gradation  curve  is  shown  in  Plate  A5.  The  angle 
of  repose  was  35  degrees. 

7.  The  plastic  material  was  approximately  a  3-mm  cube,  with  slight 
variations  in  size  and  shape,  usually  toward  a  form  with  rhomboidal 

*  Raised  number  refers  to  similarly  numbered  item  in  "References"  at 
end  of  main  tr.,^. 


sides.  No  attempt  was  made  to  delineate  geometric  differences  between 
each  piece  of  material  tested,  but  for  the  19  samples  tested,  the 
average  fall  velocity  was  6.5  cm/sec  with  a  standard  deviation  of 
0.6  cm/sec.  The  angle  of  repose  was  35  degrees. 
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FALL  VELOCITIES 
FOR  MATERIALS  TESTED 
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